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Section  1 

EXECUTIVE  SUMMARY 


In  1992  the  California  Legislature  passed  Assembly  Bill  3030,  which  declared  that  groundwater  is  a 
valuable  natural  resource,  and  authorized  local  agencies  to  voluntarily  develop  groundwater 
management  plans  to  ensure  water  quality  and  maximize  supply.  Without  management  plans, 
increasing  competition  for  water  in  California  may  negatively  affect  groundwater  basins  and  could 
result  in  saltwater  intrusion,  groundwater  contamination  or  land  subsidence.  In  order  to  respond  to 
the  benefits  of  managing  the  basin  and  ensure  local  control  of  the  process,  in  1996  the  cities  of  San 
Francisco,  San  Bruno  and  Daly  City,  together  with  the  California  Water  Service  Company,  formed 
a partnership  (referred  to  as  “the  partners”  in  this  document)  to  develop  a Groundwater 
Management  Plan  for  the  Westside  Basin. 

To  begin  the  process,  the  partners  developed  a preliminary  framework  and  principles  of  agreement 
for  the  Westside  Groundwater  Basin  Management  Plan.  The  plan  elements  include  groundwater 
storage  and  quality  monitoring,  prevention  of  saltwater  intrusion,  coordinated  use  of  surface  and 
groundwater,  use  of  recycled  water,  protection  of  wellhead  and  recharge  areas,  and  construction  and 
operation  of  recharge  facilities. 

Public  Involvement  is  a Key  Element 

A key  element  of  the  Westside  Basin  Groundwater  Management  Plan  is  the  involvement  of  area 
decision-makers,  municipalities  and  other  interested  parties.  To  facilitate  this  process,  the  partners 
hired  a consultant  team  to  help  them  identify  key  issues,  areas  of  agreement,  potential  conflicts  and 
additional  stakeholders.  Interviewing  the  partners  to  obtain  their  views  on  key  issues  and  areas  of 
concern  and  agreement  on  the  Westside  plan  was  the  initial  step.  During  these  interviews,  each 
partner  identified  five  stakeholders  who  could  provide  a broad  perspective  on  the  issues  surrounding 
the  Westside  Basin  (see  Appendix  A). 

The  second  step  was  to  interview  the  identified  stakeholders  with  a focus  on  defining  key  issues, 
constraints  and  opportunities  about  the  Westside  Basin  and  plan.  The  stakeholders  suggested 
additional  interested  parties  and  contacts  to  assist  in  the  public  involvement  process.  The  interviews 
provided: 


• An  opportunity  to  receive  input  on  the  draft  outline  of  the  management  plan 

• An  exchange  of  information  on  relevant  studies,  existing  reports,  maps  and  data 

• Clarity  on  areas  of  agreement  and  conflict. 

Results  of  the  partnership  and  subsequent  stakeholder  interviews  and  information,  from  the 
technical  consultants,  led  to  the  development  of  an  information  packet  and  set  the  agenda  for  future 
public  workshops. 

Concerns  Identified 

Interviews  with  the  partners  and  stakeholders  and  input  from  the  first  public  workshop  identified  the 
following  areas  of  concern: 
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Areas  Requiring  Additional  Focus 

After  review  of  the  key  issues  and  areas  of  concerns,  the  following  topics  warrant  additional 
intensive  technical  focus  and  consensus  building  efforts.  They  are: 

• Basin  Information  - There  is  limited  groundwater  data.  Reliable  data  or  a basin-wide 
monitoring  program  will  refine  such  issues  as  basin  yield,  storage  volume,  groundwater  levels 
and  quality,  and  the  effect  of  groundwater  pumping  on  surface  water  bodies.  Management 
actions  will  require  additional  data  to  judge  their  effectiveness. 

• Education  - A common  knowledge  base  about  the  basin  and  how  specific  actions  (e.g. 
monitoring  programs,  extraction  rates  and  conjunctive  use)  may  affect  it,  is  a part  of  the 
management  plan  consensus  process.  To  assist  various  parties  reach  the  same  level  of 
knowledge,  education  about  the  basin  and  the  following  issues  are  suggested: 

• What  has  been  done  to  date  to  involve  stakeholders 

• What  are  the  continuing  efforts  to  involve  the  public 

• How  environmental  and  natural  systems  are  inherent  to  the  planning  effort 

• The  water  budget  for  the  basin  (who  uses  the  water,  how  much  and  where) 

• Why  the  planning  process  is  focusing  on  the  whole  basin  and  not  specific  areas 

• The  relationship  of  the  basin  to  Lake  Merced 

• Recycled  water  quality,  cost  and  marketability 

• How  a conjunctive  use  plan  might  work 

• How  groundwater  rights  may  be  affected  under  a Westside  Basin  plan 

• What  lessons  can  be  learned  from  adjudicated  basins  (what  actions  taken  in  adjudicated 
basins  can  be  used  in  the  Westside  Basin  plan?) 

• How  will  a Westside  plan  be  managed  (who  makes  decisions,  pays  for  staff,  etc.) 

Education  sessions  should  also  include  facilitated  discussions  to  ensure  the  technical  information  is 
understood,  differing  opinions  are  discussed,  and  that  all  parties’  input  is  considered  in  the  planning 
process. 

• Public  Involvement  - Additional  emphasis  should  be  placed  on  getting  more  parties  to  the 
public  workshops.  This  will  help  key  interests  understand  the  Westside  Basin  planning  process 
and  encourage  dialogue  on  the  issues  and  concerns  surrounding  it. 
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Section  2 

AREAS  OF  CONCERN 


The  key  issues  and  areas  of  concern  identified  during  the  partnership  and  stakeholder  interviews 
and  the  first  public  workshop  are  detailed  below.  They  are  broken  up  by  interview  category  and  list 
the  primary  concerns. 

The  Westside  Basin  Management  Plan  is  supported  by  a partnership  that  includes  the  Cities  of  Daly 
City,  San  Bruno,  San  Francisco  Public  Utilities  Commission  and  the  California  Water  Service 
Company.  The  partners’  primary  areas  of  concern  focus  on  groundwater  usage,  the  SFPUC  water 
system,  recycled  water,  data  limitations,  conjunctive  use,  adjudication,  wellhead  protection,  and 
land  use. 

In  the  late  summer  of  1997  a diverse  group  of  individuals  identified  by  the  partners  and  representing 
business,  community,  health,  water  and  government  interests  contributed  to  this  effort  by 
identifying  issues  they  deemed  relevant  to  the  plan.  The  primary  issues  they  defined  are  education, 
recycled  water,  water  quality  and  usage,  water  costs  and  community  impact. 

The  first  public  stakeholder  workshop  was  held  in  November  1997.  The  workshop  consisted  of  an 
overview  on  the  AB  3030  process,  the  preliminary  framework  developed  by  the  partners,  an 
explanation  of  the  Westside  Basin  hydrology,  and  the  key  issues  and  concerns  identified  to  date.  A 
facilitated  discussion  also  yielded  additional  areas  of  concern.  The  primary  concerns  were  the  need 
for  additional  focus  on  the  environment  and  natural  systems,  water  conservation  efforts, 
understanding  who  uses  water  and  where,  recycled  water,  public  involvement  efforts  and 
conjunctive  use. 

Although  the  key  issues  and  concerns  varied  slightly  depending  on  the  stakeholder,  overall  the 
concerns  were  similar.  All  groups  expressed  a need  for  additional  data  and  education  on  the  basin. 
There  was  interest  in  recycled  water  and  conjunctive  use,  water  quality  and  the  water  budget  (who 
uses  it  and  where),  and  a need  to  explore  how  the  plan  affected  the  individual  and  his/her 
community. 

Partner  Interviews 

Below  is  a detailed  summary  of  the  key  issues  and  concerns  that  emerged  during  interviews  with 
the  Westside  Basin  partners. 

Groundwater  Usage  - Groundwater  users’  histories  and  perceptions  vary  and  affect  their 
expectations  of  the  basin.  Certain  municipal  users  have  only  recently  begun  to  use  groundwater, 
while  others  have  used  groundwater  from  the  basin  for  many  years.  Users  perceive  their  water 
rights  differently  with  some  expecting  unrestricted  use  of  groundwater.  Because  groundwater  is  a 
less  expensive  source  of  water,  there  is  less  incentive  to  use  or  develop  other  supplies  of  water. 
Usage  must  be  reasonable  and  congruent  with  other  water  supplies. 
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Hetch  Hetchy  System  - The  yield  of  the  San  Francisco  PUC  system  is  finite,  yet  demand  is 
increasing.  The  San  Francisco  PUC,  in  conjunction  with  the  Bay  Area  Water  User  Association,  is 
currently  engaged  in  the  development  of  a Water  Supply  Master  Plan.  This  may  lead  to  additional 
demands  on  the  SFPUC  system.  Thus,  the  relationship  between  the  Westside  Basin  and  the  SFPUC 
system  must  be  explored. 

Recycled  Water  - It  is  important  to  clearly  identify  the  market  for  recycled  water.  Turf  irrigators 
raise  concerns  about  water  quality  constraints  on  recycled  water  use  (e.g.  high  sodium 
concentrations).  The  public  has  misconceptions  about  recycled  water  use,  specifically  about  health 
risks  of  using  recycled  water  and  the  effect  of  recycled  water.  There  are  also  overlapping 
boundaries  among  wastewater  treatment  districts,  municipal  water  supply  areas  and  the  end-users  of 
recycled  water  that  raise  concerns  about  the  control  of  its  delivery  and  jurisdictional  constraints. 

Groundwater  Data  - Existing  groundwater  data  is  limited.  Consequently,  interested  parties 
disagree  about  the  physical  descriptions  of  the  Westside  Basin.  Currently,  there  is  not  enough  data 
to  assess  historic  groundwater  use  and  changes  in  groundwater  levels  adequately.  The  partners 
agreed  on  the  need  for  a regional  commitment  to  data  collection  and  monitoring  efforts  to  manage 
the  basin,  identify  changes  in  groundwater  quality  and  clarify  the  relationship  between  deep  well 
pumping  and  water  levels  in  Lake  Merced. 

Conjunctive  Use  - Conjunctive  use  is  the  coordinated  management  of  groundwater  and  surface 
water  supplies  to  increase  water  availability  during  periods  of  need  (such  as  a drought).  Water 
storage  beneath  the  land  surface  and  its  retrieval  may  be  feasible  in  the  Westside  Basin.  Further 
investigation  of  the  physical  characteristics  of  the  groundwater  basin  and  existing  water  delivery 
systems  should  help  determine  the  feasibility  of  a conjunctive  use  program. 

Although  the  partners  agree  that  conjunctive  use  is  a beneficial  action  for  all  parties,  they  raised  a 
number  of  questions  about  its  implementation,  including: 

• Is  it  technically  feasible  to  have  a multi-jurisdiction  conjunctive  use  program  given  the 
physical  characteristics  of  the  basin  and  the  existing  water  delivery  systems? 

• Is  in-lieu  recharge  - using  San  Francisco  PUC  surface  water  supplies  in  place  of 
groundwater  during  times  of  surplus  rather  than  active  groundwater  recharge  through 
spreading  basins  or  well  injection  - a reasonable  element  of  a groundwater  plan? 

• Is  recycled  water  a potential  source  of  additional  recharge?  Can  Lake  Merced  be  used  as  a 
recharge  location? 

These  are  important  concerns  that  need  to  be  addressed  before  a conjunctive  use  program  can  be 
successfully  designed. 

The  costs  and  benefits  of  a conjunctive  use  program  are  also  an  issue.  First,  all  the  partners  want  to 
see  a free  market  system  for  selling  and  distributing  stored  water.  This  raises  questions  about  who 
benefits  the  most  from  a conjunctive  use  program.  The  partners  also  agree  on  the  need  for  a 
program  with  shared  responsibility;  however,  it  is  unclear  how  to  distribute  that  responsibility 
among  municipal  users  and  private  irrigators.  Also,  what  assurances  are  there  that  water  rechargers 
investing  in  the  basin  will  benefit?  In  other  words,  how  can  the  rechargers  ensure  that  non- 
participating parties  don’t  extract  the  water? 
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Adjudication  -•  The  implications  of  adjudication  are  another  source  of  interest  to  the  partners. 
While  everyone  agrees  that  they  want  to  establish  a plan  to  govern  the  basin  and  avoid  adjudication, 
there  may  be  some  elements  of  adjudicated  basins  that  the  plan  can  adopt.  Models  of  adjudicated 
basins  will  be  explored  to  see  if  there  are  positive  elements  that  can  be  used  in  the  Westside  Basin. 

Wellhead  Protection/Land  Use  - Wellhead  protection  and  land  use  may  also  be  considered  as  part 
of  the  plan. 

Stakeholder  Interviews 

Below  is  a detailed  summary  of  the  key  issues  and  concerns  raised  during  the  stakeholder 
interviews. 

Education  - Stakeholders  felt  it  was  important  for  the  public  to  understand  and  have  confidence  in 
how  the  basin  works  and  how  the  plan  will  affect  themselves  and  their  communities.  They  want  to 
know  the  yield  of  the  basin  to  determine  the  potential  for  overdraft.  The  other  area  of  concern  was 
the  need  to  determine  how  the  basin  relates  to  all  water  users.  For  example,  how  does  pumping  in 
deep  wells  in  the  southern  portion  of  the  basin  affect  the  Lake  Merced  area. 

Recycled  Water  - One  third  of  the  stakeholders  expressed  concerns  that  recycled  water  is  too 
costly  to  use.  Recycled  water  costs  two  to  three  times  more  than  SFPUC  surface  water  or  pumped 
groundwater.  Because  of  its  cost,  some  questioned  whether  recycled  water  should  be  subsidized  to 
make  it  marketable,  and  if  so,  who  should  bear  the  cost.  Although  the  majority  thinks  recycled 
water  is  responsible  management,  one  third  believe  the  cost  may  prohibit  its  use. 

Another  concern  shared  by  one  third  of  the  stakeholders  interviewed  is  about  the  perceived  quality 
of  recycled  water,  including  health  issues  and  the  impact  of  its  high  sodium  and  chemical  content  on 
grass  and  turf.  Stakeholders  asked,  "Why  pay  a higher  price  for  a product  that  may  not  meet  my 
needs  when  there  is  an  existing  source  that  already  does?" 

There  was  also  concern  by  15%  of  the  stakeholders  that  there  is  a lack  of  infrastructure  to  deliver 
recycled  water  and  that  there  is  a need  for  more  education  on  recycled  water  — its  cost,  safety  and 
health  issues. 

Water  Quality  - All  parties  communicated  the  importance  of  maintaining  a high  level  of  water 
quality  and  the  lack  of  understanding  by  some  parties  on  how  to  achieve  this  goal.  Some  said  that 
domestic  water  (potable)  use  should  receive  the  highest  priority.  The  areas  of  concern  about 
groundwater  contamination  focused  on  three  areas:  1)  whether  replenishment  of  the  basin  by  water 
injection  would  hurt  the  overall  water  quality  of  the  basin;  2)  the  contamination  of  groundwater  by 
MTBE  reformulated  gasoline,  and  3)  whether  there  is  a problem  with  sea  water  intrusion  into  the 
groundwater  basin. 

Cost  of  Water  - Although  stakeholders  were  uncertain  how  the  plan  would  affect  themselves  and 
their  communities,  many  were  concerned  that  it  would  affect  the  cost  of  water.  The  concerns 
included  the  following. 

• How  would  the  management,  organization  and  monitoring  of  the  Westside  Basin  plan  work 
and  who  would  pay  the  costs? 
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• Will  the  use  of  recycled  water,  conjunctive  use  programs  and  infrastructure  needs  drive  up 
the  cost  of  water? 

• Will  these  expenses  be  passed  on  in  the  overall  cost  of  water  to  all  users? 

• Would  some  suburban  users  bear  the  cost  without  a recognizable  benefit? 

• How  will  the  costs  be  shared  equitably  (since  some  users  may  receive  more  benefits  than 
others)? 

The  overall  concern  was  their  ability  to  continue  to  obtain  low-cost  water  from  a reliable  source. 

Community  Impacts  - All  parties  expressed  concern  about  the  impact  of  the  plan  on  their  water 
rights  and  their  community  needs.  Specifically,  they  wanted  assurances  that  they  would  continue  to 
have  a reliable  source  of  water.  They  also  wanted  some  understanding  of  their  role  and 
responsibility  under  a management  plan  and  the  return  on  their  investment  of  time,  public  money 
and  water  rights.  The  other  concerns  are  whether  participating  in  the  plan  would  affect  their 
specific  water  rights  and  their  ability  to  negotiate  water  contracts.  Finally,  they  wanted  assurances 
that  there  be  some  local  autonomy  about  water  decisions  and  that  there  be  some  agreements  on  how 
to  manage  the  Westside  Basin  plan  so  it  benefits  all  parties. 

Public  Workshop 

The  key  issues  and  concerns  discussed  during  the  first  public  workshop  for  the  Westside  Basin 
Groundwater  Management  Plan  are  listed  below. 

Environment  and  Natural  Systems  - There  is  concern  that  the  environment  and  natural  systems 
are  not  being  addressed  in  the  planning  and  analysis.  More  focus  is  needed  on  the  relationship 
between  these  areas  and  Westside  Basin  planning. 

Water  Conservation  - On-going  and  planned  water  conservation  efforts  need  to  be  considered  and 
examined  during  the  planning  process. 

Water  Budgets  - Participants-expressed  concern  that  there  was  not  enough  information  available 
on  the  water  budget  for  the  Westside  Basin  (who  uses  water,  what  amounts  and  where).  This 
information  should  include  the  cost  of  water  to  the  users  and  the  cost  and  trade-off  of  using  recycled 
water  versus  potable  water.  Other  questions  included  how  is  potable  water  used  and  what  are  the 
alternatives  to  potable  water  use  by  the  cemeteries? 

Public  Involvement  - There  was  support  for  an  active  public  involvement  process  and  a desire  for 
more  involvement  by  selected  groups  in  all  aspects  of  the  plan  including  data  gathering  and  goal 
setting. 

Conjunctive  Use  - There  were  questions  on  how  conjunctive  use  fits  into  the  broader  picture  of 
water  management?  There  were  also  questions  on  how  conjunctive  use,  water  pricing  and  recycling 
work  together  as  a system? 
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Section  3 

AREAS  OF  AGREEMENT 


Based  on  the  information  received  during  the  interviews  and  the  first  pubic  workshop  there  were 
several  areas  of  agreement  on  the  planning  process. 

Public  Involvement  - Stakeholders  are  interested  in  attending  the  public  workshops  and  the 
partners  believe  that  stakeholder  input  and  participation  are  integral  to  developing  the  plan. 
Participation  by  all  basin  users  in  the  AB  3030  process  is  preferable  and  will  help  all  parties  reach 
consensus  on  the  plan. 

Management  - Everyone  agrees  that  it  is  in  the  best  interest  of  all  involved  to  develop  the  plan 
collaboratively  and  keep  decisions  on  groundwater  management  local.  The  development  of  the  plan 
is  a proactive  effort  that  avoids  adjudication.  The  project  timeline  is  appropriate,  and  a system-wide 
monitoring  program  is  valuable  and  needed.  There  is  agreement  on  the  need  to  monitor  and  protect 
groundwater  levels,  storage  and  quality. 

Analysis  - Many  areas  of  agreement  represent  issues  that  require  further  analysis.  The  partners 
agree  that  Westside  Basin  groundwater  movement,  storage  and  quality  issues  need  monitoring. 
Although  the  stakeholders  and  partners  agree  that  a conjunctive  use  program  would  benefit  all 
parties,  the  cost  effectiveness  and  agreements  needed  for  a successful  program  must  be  assessed. 
Market  mechanisms  for  the  transfer  and  selling  of  water  must  also  be  assessed.  There  is  agreement 
that  recycled  water  is  an  additional  source  of  needed  water,  yet  there  must  first  be  assurances  on  the 
safety,  quality  and  cost  effectiveness  of  its  use.  Overall,  there  is  a need  to  better  understand  the 
basin  and  how  it  works  on  all  levels. 

Awareness  - The  partners  and  stakeholders  view  the  plan  as  an  opportunity  to  educate  businesses 
and  the  general  public  about  water  issues.  The  relative  cost  of  surface  water  will  be  increasing,  and 
the  public  needs  to  be  aware  of  the  different  sources  of  water  in  the  area  including  groundwater. 
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RESPONSE  TO  KEY  CONCERNS 


To  address  the  key  concerns  identified  during  the  interviews,  the  partnership  and  consultants 
modified  their  initial  public  involvement  approach  for  the  management  plan.  Outlined  below  are  the 
changes  introduced  at  the  first  public  workshop  and  before  the  second  workshop  to  address  the 
identified  key  concerns. 

Stakeholder  Workshops  - The  initial  plans  included  forming  a stakeholder  group  and  holding  six 
bi-monthly  meetings  to  discuss,  document  and  reach  consensus  on  the  key  issues  and  constraints  to 
developing  a groundwater  management  plan.  After  the  partnership  and  stakeholder  interviews,  it 
was  decided  that  the  stakeholder  group  meetings  be  changed  to  a public  workshop  format.  The  new 
format  focused  on  education  on  the  key  issues  and  concerns,  input  and  discussion  between  the 
partners  and  public,  and  defining  action  steps.  The  workshop  topics  agreed  upon  are  as  follows. 

• Key  Issues  and  Concerns 

• Groundwater  Storage  and  Water  Quality  Monitoring 

• Saltwater  Intrusion 

• Conjunctive  Use 

• Recycled  Water 

• Wellhead  Protection  and  Recharge  Areas 

• Implementation  Planning  and  Successor  Efforts  and  Construction  and  Operation  of  Facilities 

The  workshops  are  structured  with  an  educational  presentation  at  the  beginning  followed  by  a 
discussion  period. 

After  the  public  workshop,  at  the  suggestion  of  participants,  the  workshop  format  was  changed  to 
break  the  presentation  into  smaller  subtopics  to  make  the  workshop  more  interactive  and  provide 
time  for  clarification,  input  and  discussion.  They  were  also  structured  to  be  more  informal  and 
open. 

Additional  changes  included  obtaining  agreement  from  participants  at  the  beginning  of  the 
workshop  on  the  desired  outcomes.  Another  change  was  to  present  more  substantive  and  factual 
information  so  as  to  help  the  participants  provide  more  specific  input  on  the  planning  process. 

Public  Involvement  - At  the  first  Public  Workshop  there  was  extensive  discussion  on  how  to 
involve  more  people  in  the  planning  process.  Below  are  some  of  the  suggestions  that  were 
received. 

• Include  meeting  notices  and  information  with  residents  water  bills 

• Send  out  news  releases  on  the  meetings  and  planning  process 

• Distribute  meeting  flyers  around  Lake  Merced,  at  the  golf  courses  and  at  the  Stonestown  and 
Serramonte  shopping  malls 

• Discuss  the  Westside  planning  process  at  other  community  meetings 
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• Contact  other  community  organizations  with  information  about  the  Westside  Basin  plan 

• Post  the  meeting  dates  on  Cable  TV  and  Channel  8 in  Daly  City 

• Post  meeting  information  at  recreation  areas  where  water  is  a part  of  the  recreation 

• Post  meeting  information  at  the  Department  of  Health  Services,  University  of  California, 
San  Francisco  State  College  and  San  Francisco  City  College 

• Contact  cemeteries  since  recycled  water  use  by  cemeteries  is  a critical  topic 

• Discuss  the  Westside  Basin  planning  topics  in  terms  that  the  community  participants  can 
understand  (define  the  technical  information  in  layperson’s  terminology) 

• Provide  an  incentive  for  organizations  to  get  involved;  provide  them  with  a role  in  the 
planning  process 

Technical  Changes  - Based  on  the  interviews  and  input  from  participants  at  the  public  workshops, 
the  following  technical  focus  shifts  occurred  in  response  to  the  comments  and  discussions  about  the 
Westside  Basin  planning. 

• Increased  emphasis  on  evaluation  of  current  and  historic  investigations  of  Lake  Merced 
hydrology 

• Developed  detailed  maps  of  the  basin  and  basin  boundaries  to  facilitate  workshop 
discussions 

• Developed  detailed  technical  information  for  distribution  and  discussion  with  the 
stakeholders 

• Possible  release  of  a draft  version  of  a basin  monitoring  plan  for  discussion  and  input 

• Possible  release  of  a draft  version  of  a basin  water  recycling  issue  paper  for  discussion  and 
input 

• Restructured  the  workshops  to  consolidate  certain  topics 

• Included  educational  information  on  general  hydrologic  principles  and  their  application  to 
understanding  conditions  within  the  Westside  Basin 
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APPENDIX  A:  KEY  STAKEHOLDER  INTERVIEWS 


U.S.  Navy  (San  Bruno) 

William  McCaleb  - 09W 
Staff  Civil  Engineer/Facility  Manager 
U.S.  Navy  - Eng.  Field  Activity  West 
900  Commodore  Dr. 

San  Bruno  CA  94066-5006 

City  of  Millbrae 

Lou  Sandrini,  Public  Works  Director 
Public  Works  Department 
621  Magnolia  Avenue 
Millbrae,  CA  94030 

City  of  South  San  Francisco 

Mike  Wilson,  City  Manager 
John  Gibbs,  Public  Works  Director 
400  Grand  Ave.,  top  level 
South  San  Francisco,  CA  94080 

California  Country  Club 

Dennis  Mahoney,  General  Manager 
Bob  Pelegrini,  Engineer 
844  West  Orange  Ave. 

South  San  Francisco,  CA  94080 

Daly  City 

John  C.  Martin,  City  Manager 

333  90th  Street 

Daly  City,  CA  94015 

Golden  Gate  National  Cemetery 
Bill  Livingston,  Assistant  Director 
1300  Sneath  Lane 
San  Bruno,  CA  94066 

City  of  Burlingame 

Frank  Urbecher 
501  Primrose  Rd. 

Burlingame,  CA  94010 

Daly  City  Council  of  Homeowners  & Residence 

Associations 

Frank  Loretta,  President 

PO  Box  383 

Daly  City,  CA  94017 

City  of  Colma 
Ms.  Monika  Hudson 
Acting  City  Manager 

Standard  Builders 

Mr.  Bob  Kent 
Daly  City 


Daly  City  Chamber  of  Commerce 

Susan  Brissenden-Smith,  CEO 
355  Gellert  Blvd.,  Suite  230 
Daly  City,  CA  94015 

Dept,  of  Parks  and  Recreation 

Deborah  Learner,  Sr.  Park  Planner 

501  Stanyan  Street 

San  Francisco,  CA  94117 

San  Mateo  County  Environmental  Health  Services 
Division 

Ms.  Gail  Lee 
County  Office  Building 
590  Hamilton  Dr.,  4th  Floor 
Redwood  City,  CA  94063 

Bay  Area  Water  Users  Association  (BAWUA) 

Art  Jensen,  General  Manager 
155  Bovet  Rd.,  Suite  410 
San  Mateo,  CA  94402 

Bold,  Polisner,  Maddow,  Nelson  & Judson 
Bob  Maddow,  Partner 
500  Ignacio  Valley  Rd.,  Suite  325 
Walnut  Creek  94596-3840 

San  Bruno  Chamber  of  Commerce 

Ms.  Gina  Morabe,  CEO 
618  San  Mateo  Ave. 

San  Bruno,  CA  94066 

San  Mateo  County  Board  of  Supervisors 

Michael  Nevin,  President,  District  5 
401  Marshall  Street 
Redwood  City,  CA  94063 

California  Regional  Water  Quality  Control  Board 
(RWQCB) 

Diane  Mimms/Linda  Spencer 
San  Francisco  Bay  Region 
2101  Webster  St.,  Suite  500 
Oakland,  CA  94612 

Friends  of  Lake  Merced 

John  Plummer,  President 
100  Santa  Barbara  Ave. 

Daly  City,  CA  94014 

Lake  Merced  Comprehensive  Plan 

Ms.  Joan  Ryan 
San  Francisco  PUC 
1 145  Market  Street 
San  Francisco,  CA 
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AB  3030:  The  Groundwater  Management  Act  (1992,  California  Water  Code  10750  et  seq) 
facilitates  and  encourages  local  public  water  agencies  to  develop  and  implement  groundwater 
management  plans.  The  legislation  identifies  12  elements  that  may  be  included  in  a groundwater 
management  plan.  These  elements  address  evaluation  or  operation  of  a groundwater  basin  so  that 
groundwater  can  be  managed  to  maximize  the  total  water  supply  while  protecting  groundwater 
quality. 

Acre-foot  (AF):  A quantity  of  volume  of  water  covering  1 acre  to  a depth  of  1 foot;  equal  to 
43,560  cubic  feet  or  325,85 1 gallons. 

Aquifer:  Saturated  rock  or  sediment  that  is  permeable  enough  to  transmit  significant  quantities 
of  water  to  wells  and/or  springs. 

Conjunctive  Use:  The  coordinated  management  of  groundwater  and  surface  water  supplies  to 
increase  the  availability  of  water  during  periods  of  need.  In  conjunctive  use  operations,  surface 
water  may  be  obtained  from  surplus  river  flows,  imported  supplies,  recycled  water  and 
desalinated  water.  Recharge  of  a groundwater  basin  may  be  by  “in  lieu”  means,  whereby  surplus 
surface  water  is  used  in  place  of  groundwater,  or  by  direct  recharge  of  the  water  through 
spreading  basins  or  injection  wells. 

Groundwater:  Water  that  occurs  beneath  the  land  surface  in  pore  spaces  or  fractures  of  the 
sediment  or  rock  formation  in  which  it  is  situated. 

Groundwater  Basin:  A continuous  body  of  unconsolidated  sediments  that  contain  groundwater 
and  the  surrounding  surface  drainage  area. 

Groundwater  Model:  A mathematical  simulation  that  represents  the  physical  properties  of  the 
aquifer  system.  Groundwater  models  use  discrete  aquifer  property  estimates  of  an  area  to 
simulate,  as  closely  as  possible,  the  natural  aquifer  system.  Groundwater  models  are  often  used 
as  tools  to  evaluate  changing  conditions  based  upon  natural  or  human-influenced  situations. 

Injection  Wells:  Wells  used  to  inject  water  into  a groundwater  basin  for  recharge. 

In-Lieu  Recharge:  An  approach  to  recharging  an  aquifer.  When  available,  surface  water  is 
supplied  to  a groundwater  user  to  be  used  instead  of  groundwater.  Natural,  local  recharge 
replenishes  the  basin,  and  the  unused  groundwater  remains  for  use  during  times  of  need. 

Monitoring  Well:  A well  constructed  for  collecting  data  regarding  groundwater  conditions.  Data 
that  can  be  collected  from  monitoring  wells  include:  1)  groundwater  samples  for  evaluating 
water  quality  conditions,  and  2)  groundwater  elevation  measurements  for  assessing  the 
movement  of  groundwater  within  an  aquifer  or  the  changes  in  the  amount  of  water  stored  in  the 
aquifer. 
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Nonpotable:  Water  that  is  unsafe  for  human  consumption  without  prior  treatment  but  may  have 
other  beneficial  uses  such  as  irrigation,  fire-fighting,  toilet-flushing,  wash  water  and  climate 
control. 

Overdraft:  The  long-term  condition  of  a groundwater  basin  in  which  the  amount  of  groundwater 
withdrawn  under  current  development  creates  undesirable  and  unreasonable  conditions  in  the 
basin,  such  as  long-term  continuous  storage  declines. 

Potable:  Water  that  is  safe  for  human  consumption. 

Production  Well:  A well  that  extracts  groundwater  for  potable  or  non-potable  use. 

Recharge:  Any  addition  of  water  to  the  aquifer  system  such  as  rainfall,  irrigation,  pipe  leakage, 
groundwater  inflow  or  infiltration  from  surface  lakes  or  streams. 

Saltwater-Freshwater  Interface:  The  boundary  between  saline  and  freshwater. 

Saltwater  Intrusion:  The  movement  of  saltwater  into  a body  of  fresh  water.  It  can  occur  in 
either  surface  water  or  groundwater  bodies. 

Spreading  Basins:  Ponds  or  catchments  into  which  water  is  spread  to  recharge  a groundwater 
basin. 

Wellhead  Protection  Area:  The  area  delineated  around  a wellhead  (or  production  well)  to  be 
protected  from  possible  sources  or  causes  of  groundwater  contamination. 
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SECTION  1 


INTRODUCTION 


In  July  1996,  the  cities  of  Daly  City  and  San  Bruno,  the  San  Francisco  Public  Utilities 
Commission,  and  the  California  Water  Service  Company  agreed  to  develop  a groundwater 
management  plan  for  the  Westside  Groundwater  Basin  following  AB  3030  guidelines.  The 
partnership  agreed  that  groundwater  users  in  the  basin  would  benefit  from  a management 
plan  aimed  at  protecting  water  quality  and  improving  water  supply  reliability.  Consultants 
were  hired  to  assist  in  the  development  of  the  plan  by  conducting  two  simultaneous 
processes:  public  involvement  to  identify  stakeholder  concerns  and  technical  analysis  of 
the  physical  conditions  in  the  Westside  Groundwater  Basin  (herein  referred  to  as  the 
"Westside  Basin").  This  memorandum  describes  the  results  of  the  technical  analysis. 

The  analysis  merges  the  results  of  the  public  involvement  effort  and  the  available  technical 
information  for  the  Westside  Basin.  Results  are  presented  that  address  important 
stakeholder  concerns  and  provide  the  technical  information  needed  on  key  elements  of  the 
groundwater  management  plan.  The  memorandum  also  identifies  gaps  in  the  available 
technical  data  and  the  associated  uncertainties  created  for  water  management  decisions. 
Strategies  for  filling  the  data  gaps  and  increasing  our  understanding  of  physical  conditions 
in  the  basin  will  be  key  elements  of  the  groundwater  management  plan. 

The  plan  document  will  incorporate  information  and  analyses  presented  in  this 
memorandum  and  will  contain  recommendations  for  implementing  each  element  of  the 
groundwater  management  plan.  Recommendations  will  be  based,  in  part,  on  the  technical 
information  presented  here. 

The  information  summarized  in  this  memorandum  is  based  on  existing  data  and  reports 
that  have  been  developed  as  part  of  other  on-going  activities  in  the  basin.  A complete 
bibliography  of  the  sources  of  data,  electronic  databases,  published  and  unpublished 
reports,  and  maps  used  for  this  analysis  is  provided  at  the  end  of  this  memorandum. 
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SECTION  2 HYDROLOGY  OF  THE  WESTSIDE  BASIN 


The  Westside  Basin  underlies  parts  of  San  Francisco  and  northern  San  Mateo  counties 
(Figure  2.1).  The  basin  extends  from  Golden  Gate  Park  in  the  north  and  past  the  San 
Francisco  International  Airport  in  the  south.  The  basin  extends  to  the  west  beneath  the 
Pacific  Ocean  at  least  as  far  as  the  San  Andreas  fault  and  to  the  east  an  unknown  distance 
beneath  south  San  Francisco  Bay.  The  cities  of  San  Francisco,  Daly  City,  South  San 
Francisco,  Colma,  San  Bruno,  Millbrae,  and  parts  of  Burlingame  and  Hillsborough  lie  on 
top  of  the  basin. 

The  Westside  Basin  can  be  conceptualized  as  a buried  valley,  where  the  walls  and  floor  of 
the  valley  are  formed  by  rock.  This  rock-bordered  valley  is  filled  with  a mixture  of  coarse- 
and  fine-grained  sediments  that  can  be  as  much  as  3,700  feet  thick  in  parts  of  the  basin. 
The  coarse-grained  sediments  consist  of  sand  and  gravel,  and  the  fine-grained  sediments 
consist  of  silt  and  clay.  Sand  and  gravel  can  transmit  substantial  quantities  of  water  to 
wells;  whereas,  silt  and  clay  impede  the  movement  of  groundwater.  Where  silt  and  clay 
deposits  form  semi-continuous  beds,  they  can  effectively  isolate  the  water  table  from 
underlying  aquifers.  Groundwater  in  the  shallow  water  table  aquifer  is  referred  to  as 
"unconfined",  and  the  underlying  aquifers  separated  from  the  water  table  by  continuous 
and  semi-continuous  fine-grained  beds  is  referred  to  as  "confined."  Both  unconfined  and 
confined  conditions  are  found  in  the  Westside  Basin. 

WATER  USE 

Groundwater  pumping  in  the  Westside  Basin  has  provided  a reliable  water  supply  for 
municipal  and  irrigation  uses  for  more  than  a century.  Approximately  30  percent  of  the 
total  water  use  in  the  basin  is  currently  met  by  groundwater  pumping  (Table  2.1).  Most  of 
the  pumpage  in  the  basin  occurs  in  San  Mateo  County  (Figure  2.2),  where  groundwater  is 
used  to  meet  municipal  demands  for  water.  Pumped  groundwater  can  supply  as  much  as 
50  percent  of  the  drinking  water  to  residents  of  some  cities  in  the  basin. 

VOLUMETRIC  GROUNDWATER  BUDGET 

A volumetric  groundwater  budget  is  an  accounting  of  water  additions  and  subtractions  to 
the  groundwater  basin.  The  difference  between  the  water  added  and  subtracted  is 
balanced  by  a change  in  groundwater  storage.  CH2M  Hill  (1997)  estimated  the  water 
inflows,  outflows,  and  storage  changes  in  the  Westside  Basin  during  the  period  1976-1995. 
The  primary  sources  of  inflow  were  precipitation  and  irrigation  water  moving  downwards 
from  the  land  surface  into  the  groundwater  system.  Precipitation  and  irrigation 
contributed  an  average  recharge  of  8,600  and  4,300  acre-feet  per  year  (ac-ft/yr), 
respectively.  Additional  sources  of  water  added  to  the  basin  include  leakage  from  Lake 
Merced  and  small  lakes,  streams,  pipes,  sewers,  and  subsurface  inflows  from  upslope  areas 
and  the  Pacific  Ocean. 
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HYDROLOGY  OF  THE  WESTSIDE  BASIN 


Table  2.1 

Annual  Water  Use  in  the  Westside  Basin  (1991-95) 
(Acre-Feet  per  Year) 


Well  Owner 

Groundwater 

Surface  Water 

Total 

Municipal 

California  Water  Service  Company 

1,375 

6,270 

7,645 

Daly  City 

4,045 

3,977 

8,022 

San  Bruno 

1,914 

2,253 

4,167 

San  Francisco 

15,065 

15,065 

Subtotal 

7,334 

27,565 

34,899 

Irrigation  and  Parks 

Alvord  Park 

70 

70 

California  Golf  Club 

264 

264 

Cypress  Lawn 

316 

316 

Edgewood  School 

10 

10 

Elk  Glen 

365 

365 

Eternal  Home 

90 

90 

Golden  Gate  Park 

881 

881 

Green  Hills 

48 

48 

Hills  of  Eternity 

115 

115 

Holy  Cross 

268 

268 

Home  of  Peace 

96 

96 

Italian  Cem. 

76 

76 

Lake  Merced  Golf  Club 

454 

454 

Olivet 

191 

191 

Olympic  Club 

401 

401 

Fleishacker  Zoo 

18 

18 

San  Francisco  Golf  Club 

192 

192 

Woodlawn 

182 

182 

Subtotal 

4,036 

4,036 

TOTAL 

11,370 

27,565 

38,935 

Sources:  San  Francisco  Water  Department  (1996);  California  Water  Service  Company,  Daly  City, 
and  City  of  San  Bruno  (written  communication). 


Pumpage  is  the  primary  outflow  from  the  Westside  Basin,  averaging  11,100  ac-ft/yr  during 
the  period  1976-1995.  Water  subtractions  also  include  seepage  to  lakes  and  streams  and 
subsurface  outflow  to  the  Pacific  Ocean  and  south  San  Francisco  Bay. 

The  difference  between  water  inflows  and  outflows  is  balanced  by  a change  in  the  amount 
of  water  stored  in  the  basin.  Similar  to  a reservoir  or  lake,  if  more  water  is  added  than  is 
subtracted  the  amount  of  water  in  the  lake  increases.  Conversely,  if  more  water  is 
subtracted  than  is  added  the  amount  of  water  in  the  lake  decreases.  During  the  period 
1976-1995,  groundwater  storage  in  the  Westside  Basin  increased  in  some  years  and 
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decreased  in  others.  On  the  average,  storage  decreased  by  about  250  ac-ft/yr,  equal  to  a 
cumulative  net  storage  decrease  of  5,000  acre-feet  over  the  20-year  period.  CH2M  Hill 
(1997)  estimated  total  groundwater  storage  in  the  Westside  Basin  at  about  one  million  acre- 
feet.  Thus,  the  cumulative  net  decrease  in  groundwater  storage  during  the  1976-1995 
period  is  about  0.5  percent  of  total  storage  in  the  basin. 

GROUNDWATER  LEVELS  IN  WELLS 

Groundwater  levels  in  wells  are  used  to  determine  groundwater  flow  directions  and 
storage  volumes.  A change  in  water  level  from  one  location  to  another  will  generally 
induce  groundwater  movement  from  areas  of  high  groundwater  levels  towards  areas  of 
lower  groundwater  levels.  A change  in  groundwater  levels  over  time  is  an  indication  of  a 
change  in  groundwater  storage.  Increasing  groundwater  levels  indicate  increasing  storage, 
while  decreasing  levels  indicate  decreasing  storage. 

Water  levels  measured  in  wells  in  the  Westside  Basin  show  the  patterns  of  groundwater 
movement  in  the  deep  parts  of  the  basin  (Figure  2.3).  In  the  north,  groundwater  moves 
from  east  to  west,  and  most  of  the  water  added  to  the  basin  discharges  to  the  Pacific  Ocean. 
In  the  south,  groundwater  moves  toward  pumping  centers  within  Daly  City,  San  Bruno, 
and  South  San  Francisco.  The  water  levels  also  suggest  that  groundwater  beneath  the 
Pacific  Ocean  and  South  San  Francisco  Bay  is  moving  in  a landward  direction.  Landward 
flows  from  beneath  these  saltwater  bodies  suggest  saltwater  intrusion  may  be  occurring 
within  the  Westside  Basin.  Chloride  data  from  municipal  supply  wells,  however,  do  not 
indicate  any  significant  impact  from  intrusion  on  groundwater  supply,  as  described  in 
Section  3 of  this  report. 

Water  levels  in  the  deep  aquifer  have  been  fairly  steady  since  1965  (Figure  2.4).  The  annual 
and  seasonal  variations  in  water  levels  parallel  the  annual  and  seasonal  variations  in 
weather.  For  example,  Phillips  and  others  (1993)  reported  declining  trends  in  water  levels 
in  the  City  of  San  Francisco  and  the  Lake  Merced  area  during  the  period  1987-92.  They 
attributed  the  decline  in  water  levels  to  reduced  groundwater  recharge  during  the 
concurrent  drought.  Seasonal  variations  in  water  levels  also  reflect  seasonal  changes  in 
pumping. 
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Figure  2.4a  Groundwater  Levels  in  Deep  Wells  Located  in  Daly  City  (1937-1997) 


Figure  2.4b  Groundwater  Levels  in  Deep  Wells  Located  in  San  Bruno  (1937-1997) 
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Figure  2.4c  Static  Depth  to  Water  in  Deep  Wells  Located  in  South  San  Francisco 
(California  Water  Service  Company)  (1937-1997) 
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SECTION  3 


PUMPING  EFFECTS  ON  THE 
HYDROLOGY  OF  THE  WESTSIDE  BASIN 


GENERAL  PRINCIPLES 

Initially,  the  water  in  any  well  is  in  equilibrium  with  the  groundwater  in  the  adjacent 
aquifer.  When  the  well  pump  is  activated,  water  is  removed  from  the  well  and  the  water 
level  within  the  well  declines.  The  lower  water  level  induces  the  inflow  of  water  from  the 
adjacent  aquifer,  causing  a reduction  of  water  levels  within  the  aquifer.  The  lowering  of 
water  levels  in  the  well  and  aquifer  is  referred  to  as  the  cone  of  depression  (Figure  3.1). 
The  cone  of  depression  can  extend  from  a few  feet  to  several  thousand  feet  from  the  well, 
depending  upon  the  pumping  rate  and  the  hydrogeologic  properties  of  the  aquifer.  Where 
multiple  wells  are  pumping,  their  pumping  effects  on  groundwater  levels  are  additive 
(Figure  3.2). 

Pumping  from  a well  perforated  in  an  unconfined  water  table  aquifer  results  in  a lowering 
of  the  water  table.  The  water  extracted  by  the  well  comes  from  the  dewatering  of  the 
aquifer  (Figure  3.1a),  where  the  void  space  between  solid  aquifer  particles  empties  of  water 
and  fills  with  air.  Because  the  pumping  results  in  a direct  lowering  of  the  water  table,  wells 
perforated  in  the  water  table  aquifer  have  a direct  impact  on  the  water  table. 

In  contrast,  pumping  from  a well  perforated  in  a confined  aquifer  does  not  normally  cause 
a dewatering  of  the  aquifer  (Figure  3.1b).  Pumping  decreases  the  hydraulic  pressures 
within  the  aquifer  near  the  well,  inducing  groundwater  movement  into  the  well.  Most  of 
the  water  extracted  by  the  well  is  from  groundwater  moving  horizontally  toward  the  well. 
The  effects  of  de-pressuring  spread  throughout  the  groundwater  system,  where  the 
direction  and  the  rate  of  the  effects  depend  upon  the  pumping  rate  and  the  hydrogeologic 
properties  of  the  aquifer.  The  effects  are  generally  greatest  in  horizontal  directions  and 
smallest  in  vertical  directions.  Additionally,  the  effects  on  an  overlying  water  table  aquifer 
will  be  attenuated  by  the  fine-grained  sediments  that  separate  the  aquifers.  Because  the 
pumping  does  not  result  in  a direct  lowering  of  the  water  table,  wells  perforated  in  a 
confined  aquifer  have  an  indirect  impact  on  the  shallow  water  table. 

In  San  Mateo  County,  groundwater  elevations  measured  in  wells  show  large  cones  of 
depression  as  a result  of  decades  of  pumping  from  numerous  municipal  and  private  wells 
(Figure  2.3).  These  wells  are  pumping  from  deep  aquifers,  which  are  separated  from  the 
overlying  water  table  by  beds  of  silt  and  clay.  Pumping  from  these  deep  wells  can  increase 
downward  leakage  from  the  water  table,  but  most  of  the  extracted  water  comes  from 
horizontal  movement  within  the  deep  aquifers.  Hence,  pumping  from  most  wells  in  the 
Westside  Basin  has  an  indirect  impact  on  the  water  table. 
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Unconfined  Conditions 


Confined  Conditions 


(a)  Direct  Relationship  with 
the  Water  Table 


(b)  Indirect  Relationship 
with  the  Water  Table 


Figure  3.1  Sources  of  Water  to  a Pumping  Well  Under 
Unconfined  and  Confined  Conditions 
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Figure  3.2  Hydraulic  Interference  Between  Pumping  Wells 
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LAKE  MERCED 

Lake  Merced  was  originally  developed  as  a potable  water  supply  for  San  Francisco  in  the 
1870s  by  the  Spring  Valley  Water  Company.  Since  1950,  under  a memorandum  of 
understanding  between  the  San  Francisco  Public  Utilities  Commission  and  the  San 
Francisco  Recreation  and  Parks  Department,  the  lake  has  been  developed  for  beneficial 
recreational  uses  and  has  maintained  its  status  as  an  emergency  water  supply 
(Geo/Resources  Consultants,  Inc.,  1993).  Lake  Merced  is  hydraulically  connected  to  the 
shallow  water  table  system.  Historically,  the  natural  movement  of  groundwater  in  the 
Lake  Merced  area  was  westward  and  toward  the  Pacific  Ocean  (Bartel,  1913). 
Groundwater  seeped  into  the  lake  from  the  east  and  leaked  out  from  the  west  and  into  the 
Pacific  Ocean. 

Seasonal  and  annual  water  levels  in  Lake  Merced  have  shown  a net  decline  and  recovery  of 
about  seven  feet  during  the  last  decade  (Figure  3.3).  Long-term  declines  in  lake  levels  have 
coincided  with  several  droughts,  the  most  severe  occurring  during  1977-78  and  1987-92 
(San  Francisco  Water  Department,  1996).  Reduced  surface  water  inflows  from  precipitation 
and  diversion  of  stormwater  runoff  that  formerly  entered  the  lake  have  contributed  to  the 
net  decline  in  lake  levels.  In  contrast,  during  the  wet  period  1994-1997,  greater  rainfall  and 
approximately  400  acre-feet  of  surface  water  added  to  the  lake  contributed  to  a net  increase 
of  more  than  6 feet  in  lake  levels  (San  Francisco  Water  Department,  1996). 

Figure  3.3  shows  that  lake  levels  respond  consistently  to  changes  in  precipitation  and  that 
lake  levels  exhibit  a weak  or  zero  response  to  changes  in  pumpage.  Figure  3.3a  compares 
lake  levels  to  the  annual  precipitation  change  from  the  long-term  annual  average.  The  zero 
line  and  a wet  year  plots  above.  Figure  3.3b  shows  annual  basin-wide  pumpage  and 
surface  water  additions  to  the  lake.  Lake  levels  declined  about  six  feet  during  the  period 
1987-1991,  when  precipitation  was  very  low.  In  contrast,  pumpage  was  about  average 
during  this  period.  Lake  levels  increased  during  1994-1997,  when  precipitation  was  high 
and  pumpage  was  slightly  above  average.  During  1992-1993,  the  lake  level  went  up  and 
then  down,  consistent  with  precipitation.  Pumpage  was  high  during  this  period. 

The  effect  of  pumping  from  deep  wells  on  water  levels  in  Lake  Merced  is  determined  by 
the  magnitude  of  two  distinct  hydraulic  connections:  the  connection  between  the  deep 
aquifer  and  the  shallow  water  table,  and  the  connection  between  the  water  table  and  Lake 
Merced.  Like  water  flowing  through  a pipe  with  two  valves,  the  relationship  between 
pumping  and  Lake  Merced  is  controlled  by  the  two  distinct  connections.  The  connection 
between  the  deep  aquifer  and  the  water  table  is  known  to  be  indirect,  while  the  connection 
between  the  water  table  and  Lake  Merced  is  uncertain.  The  uncertainty  derives  from 
insufficient  data.  Whatever  the  degree  of  connection  between  the  water  table  and  Lake 
Merced,  the  effect  of  pumping  from  deep  wells  on  water  levels  in  Lake  Merced  is  indirect. 
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Figure  3.3a  Lake  Merced  Water  Levels  and 
Annual  Precipitation  (1987-1998) 


Figure  3.3b  Water  Levels,  Annual  Basin-Wide  Pumpage,  and 
Surface  Water  Additions  to  Lake  Merced  (1987-1998) 
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The  indirect  relationship  between  deep  pumping  wells  and  Lake  Merced  explains  why 
leakage  rates  from  the  lake  are  small  relative  to  pumpage  in  the  Westside  Basin.  For 
example,  previous  studies  by  the  U.S.  Geological  Survey  (Yates  and  others,  1990)  and 
CH2M  Hill  (1997)  suggest  that  leakage  from  Lake  Merced  represents  0.2  to  3.8  percent  of 
the  pumpage  in  the  Westside  Basin.  Volumetric  water  budgets  calculated  for  Lake  Merced 
conclude  that  evaporation  is  the  primary  water  subtraction  from  the  lake,  comprising 
between  49  and  85  percent  of  the  total  lake  outflows  (Yates  and  others,  1990;  CH2M  Hill, 
1997).  Accordingly,  increasing  surface  water  inflows  is  a more  effective  strategy  for 
increasing  and  managing  lake  levels  than  is  curtailing  pumpage  in  the  Westside  Basin 
(Geo/Resource  Consultants,  Inc.,  1993). 

SALTWATER  INTRUSION 

Saltwater  intrusion  is  a potential  concern  in  the  Westside  Basin  because  the  Pacific  Ocean 
and  south  San  Francisco  Bay  are  located  at  the  western  and  southeastern  boundaries  of  the 
basin.  Drawdowns  from  pumping  can  induce  the  movement  of  saltwater  into  the  aquifer 
and  increase  the  salinity  of  water  produced  by  wells.  The  potential  for  saltwater  intrusion 
can  be  identified  from  maps  showing  lines  of  equal  groundwater  levels.  Groundwater 
levels  measured  in  wells  tapping  the  deep  aquifer  suggest  that  groundwater  beneath  the 
Pacific  Ocean  is  moving  inland  (Figure  2.3).  For  example,  CH2M  Hill  (1997)  reported 
modeling  results  indicating  that  approximately  1,300  ac-ft/yr  of  subsurface  inflow  to  the 
basin  originates  in  the  Pacific  Ocean.  Similarly,  groundwater  levels  in  the  deep  aquifer 
near  the  San  Francisco  International  Airport  were  more  than  40  feet  below  mean  sea  level 
(Guidetti  and  Schaefer,  1995),  suggesting  that  bay  water  is  moving  downward  and  toward 
inland  pumping  centers  located  northwest  of  the  bay. 

Because  groundwater  moves  slowly,  decades  may  be  required  for  salt-affected 
groundwater  to  reach  pumping  wells  in  the  Westside  Basin.  For  example,  Guidetti  and 
Schaefer  (1995)  reported  tritium  data  for  well  water  samples  from  nine  wells  located  in  the 
cities  of  San  Bruno  and  South  San  Francisco.  The  tritium  data  indicated  that  the  water 
pumped  by  these  wells  entered  the  groundwater  system  more  than  40  years  ago.  Tritium 
data  from  a deep  well  located  at  the  San  Francisco  International  Airport  also  indicated  that 
the  groundwater  was  "old"  water.  Trends  of  increasing  salinity  in  groundwater  could  be 
gradual  over  time  and  therefore  difficult  to  detect  without  relatively  long-term  records. 

Chloride  is  the  major  anion  in  ocean  and  bay  waters,  and  increasing  chloride  ion 
concentrations  in  groundwater  may  be  the  first  indication  of  saltwater  contamination. 
Chemical  data  for  samples  from  most  municipal  supply  wells  in  the  Westside  Basin  do  not 
show  clear  trends  or  substantial  increases  in  chloride  ion  concentrations  (Figure  3.4).  In 
some  wells,  however,  chloride  ion  concentrations  have  been  increasing  gradually.  For 
example,  several  wells  in  Daly  City  indicate  an  average  increase  in  chloride  of  between  0.5 
and  1.0  milligrams  per  liter  (mg/L)  per  year  (Figure  3.4a).  For  example,  chloride 
concentrations  in  well  number  4 have  increased  approximately  15  mg/L  over  a 20-year 
period.  Similarly,  chloride  ion  concentrations  in  water  produced  by  California  Water 
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Figure  3.4a  Chloride  Ion  Concentrations  in  Samples  from 
Water  Supply  Wells  in  Daly  City 


Figure  3.4b  Chloride  Ion  Concentrations  in  Samples  from 
Water  Supply  Wells  in  San  Bruno 
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Figure  3.4c  Chloride  Ion  Concentrations  in  Samples  from  Water  Supply  Wells  in  South 
San  Francisco  (California  Water  Service  Company) 
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Service  Company  wells  20  and  21  have  been  increasing  on  the  average  by  1 to  almost  3 
mg/L  per  year  (Figure  3.4c).  The  relatively  modest  increases  in  chloride  ion  in  the  Daly 
City  wells  could  be  the  consequence  of  seawater  intrusion  if  the  forward  edge  of  the 
seawater  wedge  was  gradually  mixing  with  relatively  fresh  groundwater.  In  south  San 
Francisco,  however,  wells  owned  by  the  California  Water  Service  Company  located  closer 
to  south  San  Francisco  Bay  than  wells  20  and  21  produce  water  with  relatively  constant 
concentrations  of  chloride  ion.  If  direct  intrusion  of  bay  water  were  the  source  of  chloride 
ion  in  wells  20  and  21,  one  would  expect  similar  trends  in  the  other  nearby  wells. 

The  upward  movement  of  older,  briny  groundwater  from  underlying  clays  is  also  a 
plausible  explanation  for  the  increasing  chloride  ion  concentrations  in  the  Daly  City  and 
California  Water  Service  Company  wells  (Applied  Consultants,  1991;  Phillips  and  others, 
1993).  The  depth  of  these  wells  range  from  500  to  almost  600  feet  beneath  the  land  surface, 
and  their  well  screens  are  separated  from  the  water  table  and  shallow  aquifers  beneath  the 
ocean  and  bay  by  silt  and  clay  deposits.  These  deposits  impede  the  movement  of  salts  and 
water  from  the  shallow  water  table  to  the  deep  aquifers  tapped  by  the  pumping  wells. 
Additional  water  level  and  water  chemistry  data  are  needed  to  identify  the  source  of 
increasing  chloride  ion  concentrations  in  the  Westside  Basin  and  its  long-term  implications 
for  the  quality  of  groundwater  produced  by  pumping  wells. 

WELLHEAD  PROTECTION 

Stakeholders  have  expressed  concern  about  potential  contamination  of  the  groundwater 
supply  by  methyl  tertiary  butyl  ether  (MTBE).  MTBE  is  a chemical  added  to  gasoline  that 
is  very  soluble  in  water  and  extremely  slow  to  biodegrade.  MTBE  in  groundwater  can 
originate  directly  from  leaking  underground  fuel  storage  tanks  or  indirectly  in  percolating 
rainfall  and  stormwater  runoff.  Rainfall  can  "wash  out"  MTBE  from  the  atmosphere,  and 
runoff  can  gather  MTBE  residue  from  roads  and  parking  lots.  MTBE  is  a concern  as  a risk 
to  human  health  and  as  a cause  of  poor  odor  and  taste  in  drinking  water.  Due  to  its 
chemical  properties,  MTBE  can  be  smelled  and  tasted  at  levels  below  the  federal  and  state 
health  advisory  levels. 

MTBE  is  less  dense  than  water  and  under  ideal  conditions  will  "float"  on  the  water  table. 
Once  it  is  introduced  into  an  aquifer,  MTBE  can  move  to  deeper  parts  of  the  system  in 
response  to  pumping  from  nearby  wells  and  recharge  from  water  infiltrating  past  the  soil 
surface.  Accordingly,  the  potential  introduction  of  MTBE  within  the  regional  recharge  and 
discharge  patterns  shown  in  Figure  2.3  can  impact  the  quality  of  the  drinking  water  supply 
in  the  Westside  Basin.  Wellhead  protection  programs  can  reduce  potential  groundwater 
contamination  by  MTBE,  as  well  as  other  constituents  of  concern  in  the  Westside  Basin. 

Wellhead  protection  programs  are  designed  to  meet  three  objectives: 

1.  Reduce  or  eliminate  contamination.  Strategies  can  include  public  education, 
acquisition  of  lands,  monitoring,  promoting  best  management  practices,  zoning 
ordinances,  subdivision  controls,  well  permitting,  and  health  regulations. 
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2.  Provide  for  alternative  sources  of  emergency  drinking  water.  In  the  Westside  Basin, 
potential  water  sources  include  groundwater,  local  runoff,  and  imported  surface 
water. 

3.  Plan  for  new  wells  and  their  protection  areas.  Planning  accounts  for  the  amount 
and  types  of  development  surrounding  potential  future  well  sites,  groundwater 
gradient  and  aquifer  characteristics  beneath  the  sites,  and  existing  water  quality  in 
the  aquifer. 

In  the  Westside  Basin,  wellhead  protection  areas  reflect  the  major  pumping  centers. 
Protection  areas  can  be  identified  by  the  regional  recharge  and  discharge  patterns  shown  in 
Figure  2.3,  and  by  the  groundwater  flow  patterns  near  individual  pumping  wells. 

The  most  appropriate  means  for  delineating  wellhead  protection  areas  include  a 
combination  of  hydrogeologic  mapping  and  numerical  modeling  of  groundwater  flow  and 
contaminant  transport.  An  inventory  of  potential  and  confirmed  soil  and  groundwater 
contamination  sites  located  within  the  protection  area  is  then  completed  to  assess  the  risk 
of  contamination  to  groundwater  produced  by  the  well.  Previous  studies  have  estimated 
the  protection  areas  and  contamination  risk  of  municipal  supply  wells  in  Daly  City  and  the 
greater  San  Bruno  area  using  existing  hydrogeologic  data  and  analytical  methods  (Lee, 
1993;  Guidetti  and  Schaefer,  1995).  These  studies  concluded  that  the  areas  contributing 
groundwater  to  pumping  wells  ranged  from  about  1,000  feet  to  more  than  one  mile  in 
diameter.  Leaking  Underground  Fuel  Tank  (LUFT)  sites  within  these  areas  were 
considered  to  represent  the  most  serious  threat  to  the  groundwater  supply  because  of  the 
confirmed  existence  of  soil  and/or  groundwater  contamination.  For  example,  Lee  (1993) 
concluded  that  at  the  time  of  her  study  there  were  seven  contamination  sites  within  the 
protection  areas  of  Daly  City  drinking  water  wells.  Similarly,  more  than  20  LUFT  sites 
were  identified  in  the  wellhead  protection  areas  mapped  in  the  greater  San  Bruno  area  by 
Guidetti  and  Schaefer  (1995). 

These  studies  confirm  that  land  use  activities  within  the  Westside  Basin  can  potentially 
impact  drinking  water  quality  produced  by  wells.  Changes  in  land  use  may  be  necessary 
to  minimize  the  risk  of  contamination  to  water  supply  wells  in  the  basin.  Implementing  a 
wellhead  protection  program  will  therefore  require  both  political  support  and  technical 
input.  Because  restrictions  on  land  use  are  a concern  of  stakeholders  in  the  basin,  reliable 
technical  information  is  needed  to  support  local  and  site-specific  land  use  decisions. 
Additional  analyses  will  therefore  be  needed  to  accurately  represent  groundwater 
movement  to  wells  and  quantify  the  relationship  between  contaminant  mass  and 
concentration  to  the  magnitude  and  timing  of  impacts  at  the  well.  Public  education  will  be 
needed  to  communicate  the  results  of  these  analyses  and  explain  their  implications  for  land 
use  decisions  and  drinking  water  quality. 
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RECYCLED  WATER 


Recycled  water  is  a major  component  of  regional  water  use  in  other  parts  of  California, 
particularly  southern  California  where  there  are  over  50  projects  delivering  recycled  water. 
Use  of  recycled  water  is  supported  by  regulatory  and  planning  agencies  and  provides 
economic  benefits  to  voluntary  participants  within  a regional  setting.  Under  a water 
recycling  program,  water  that  is  otherwise  discharged  to  the  Pacific  Ocean  or  San  Francisco 
Bay  would  be  used  primarily  to  irrigate  turf  and  landscaping.  The  groundwater  that 
would  have  been  used  to  irrigate  these  areas  becomes  available  for  municipal  and 
industrial  use  or  remains  within  the  basin  for  future  use.  Recycled  water  thereby  becomes 
a new  supply  of  water  and  enhances  the  long-term  water  reliability  for  the  basin. 

Treated  wastewater  in  the  basin  is  discharged  from  the  Oceanside  Water  Pollution  Control 
Plant,  the  Daly  City  Water  Quality  Control  Plant,  and  the  South  San  Francisco-San  Bruno 
Water  Quality  Control  Plant.  The  Oceanside  Water  Pollution  Control  Plant  was  brought 
online  in  1994  and  serves  the  west  side  of  the  City  of  San  Francisco.  The  wastewater 
treatment  plant  in  Daly  City  serves  the  North  San  Mateo  County  Sanitation  District 
comprised  primarily  of  Daly  City  and  the  Westborough  Water  District.  The  South  San 
Francisco-San  Bruno  wastewater  treatment  plant  serves  the  cities  of  South  San  Francisco 
and  San  Bruno,  but  also  discharges  treated  wastewater  from  Burlingame,  Millbrae,  and  the 
San  Francisco  International  Airport  as  parts  of  the  North  Bayside  System  Unit. 

Discharge  through  the  two  plants  in  San  Mateo  County  from  Daly  City,  City  of  San  Bruno, 
and  City  of  South  San  Francisco  is  approximately  16,600  ac-ft/yr.  On  the  average,  annual 
wastewater  discharge  from  the  two  plants  represents  more  than  80  percent  of  the  total 
municipal  water  supply  to  these  three  cities  (Figure  4.1).  More  than  half  of  the  average 
annual  discharge  occurs  during  the  months  of  May  through  November  (10,600  ac-ft/ yr). 
The  potential  supply  of  recycled  water  from  these  three  cities  is  more  than  double  the 
annual  groundwater  pumpage  for  irrigation  of  parks,  golf  courses,  schools,  and  cemeteries 
in  the  Westside  Basin  (approximately  4,000  acre-ft/year).  Therefore,  while  the  necessary 
hydrologic  conditions  exist  to  develop  a recycled  water  program,  it  will  most  likely  require 
creative  and  innovative  approaches  to  secure  users  willing  to  voluntarily  accept  this 
potential  supply. 
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Figure  4-1  Annual  Wastewater  Discharge  and  Water  Deliveries  for 
Daly  City,  San  Bruno,  and  South  San  Francisco  (1986-1995) 
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SECTION  5 


CONJUNCTIVE  USE 


Conjunctive  use  is  the  coordinated  use  of  surface  water  and  groundwater  to  ensure  a 
reliable  water  supply.  During  wet  years  when  surface  supplies  are  plentiful,  surface  water 
is  delivered  to  water  users  that  otherwise  rely  on  groundwater,  allowing  the  underground 
reservoirs  to  fill  with  water.  During  dry  years  when  runoff  is  reduced  and  surface  water 
supplies  are  scarce,  greater  reliance  is  placed  on  groundwater  storage.  Conjunctive  use 
requires  a source  of  imported  water,  an  underground  reservoir  for  storing  water,  and  a 
mechanism  for  getting  the  water  into  the  ground.  All  of  these  requirements  exist  in  the 
Westside  Basin. 

Imported  surface  water  is  delivered  to  retailers  in  the  Westside  Basin  through  the  San 
Francisco  Public  Utilities  Systems  (PUC)  system.  Bookman-Edmonston  (1993)  conducted  a 
study  for  the  San  Francisco  Water  Department  that  concluded  additional  capacity  exists  in 
the  San  Francisco  PUC  system  to  deliver  water  to  the  Bay  Area.  During  years  of  average 
runoff,  the  system  could  deliver  an  additional  30  to  40  million  gallons  per  day  (mgd) 
during  the  winter  months  and  an  additional  20  mgd  during  the  summer  months.  During 
dry  years,  the  system  could  deliver  an  additional  30  mgd  in  several  winter  months  and 
about  5 mgd  during  most  summer  months.  The  demand  pattern  and  the  available  storage 
facilities  restrict  the  capability  of  the  San  Francisco  PUC  system  to  deliver  this  additional 
water,  and  additional  storage  facilities  are  needed  to  take  advantage  of  this  extra  potential 
yield. 

The  aquifers  within  the  Westside  Basin  represent  a potential  means  for  storing  imported 
surface  water  and  therefore  could  be  used  to  increase  the  long-term  yield  of  the  San 
Francisco  PUC  system.  The  basin  has  been  used  for  more  than  a century,  and  wells  in  the 
basin  currently  provide  a substantial  proportion  of  the  municipal  water  supply  to  the 
communities  of  Daly  City,  San  Bruno,  and  South  San  Francisco.  These  communities  rely  on 
75  to  90  percent  of  their  total  pumping  capacity  to  meet  between  30  to  50  percent  of  their 
municipal  supply  (Table  5.1). 

Imported  water  and  local  runoff  can  be  stored  in  the  basin  using  either  active  or  passive 
methods.  Examples  of  active  groundwater  replenishment  include  recharge  ponds, 
injection  wells,  and  temporary  or  permanent  retention  facilities  on  local  creeks.  Active 
groundwater  replenishment  has  been  conducted  in  Alameda  and  Santa  Clara  Counties  for 
decades,  and  their  efforts  have  consisted  of  increased  conservation  of  natural  runoff  and 
storing  imported  water  in  local  aquifers.  Passive  groundwater  replenishment,  or  "in-lieu 
recharge,"  increases  surface  water  use  during  periods  of  adequate  runoff.  The  greater  use 
of  surface  water  allows  groundwater  storage  to  increase  as  a result  of  reduced  pumpage 
and  greater  deep  percolation  of  imported  surface  water.  The  water  stored  in  the 
groundwater  basin  is  then  available  for  use  during  periods  of  reduced  runoff. 

While  many  of  the  hydrologic  and  infrastructure  elements  of  a successful  conjunctive  use 
program  are  already  in  place,  complex  institutional  and  economic  issues  remain  to  be 
resolved.  Wet  year  deliveries  may  be  currently  restricted  by  hydropower  demands  on  the 
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Hetch  Hetchy  system  and  by  agreements  between  the  San  Francisco  PUC  and  other  water 
users  in  the  Tuolumne  Basin.  Agreements  between  the  PUC  and  the  Bay  Area  Water  Users 
Association  may  also  require  amendments  to  implement  conjunctive  use. 


Table  5.1 

Total  Water  Demand,  Groundwater  Use,  and 
Reported  Pumping  Capacity  in  1996 
(MGD) 


Well  Owner 

Total  Demand 
(1996) 

Demand  Met  By  Capacity  to  Produce 
Groundwater  Groundwater 

Municipal 

California  Water  Service  Company 

7.5 

1.3 

1.7 

Daly  City 

7.9 

3.1 

4.0 

San  Bruno 

4.3 

2.1 

2.4 

San  Francisco 

15.1 

2.0 

2.0 

Total 

34.8 

8.5 

10.1 

Notes: 

1995  data  is  used  for  "Demand  Met  By  Groundwater"  for  Califoma  Water  Service  Company. 
Capacity  to  produce  groundwater  by  San  Francisco  reported  as  estimated  pumping  rate. 


Bookman-Edmonston  Engineering,  Inc. 


5-2 


Westside  Basin  Partners 
Technical  Memorandum  No.  2 


SECTION  6 


DATA  LIMITATIONS 


Evaluating  basin-wide  groundwater  flow  and  storage  is  challenging  because  the  resource  is 
located  beneath  land  surface  and  is  therefore  difficult  to  measure.  Engineers  and  scientists 
conducting  an  assessment  of  the  resource  rely  in  part  on  the  ability  to  extrapolate  limited 
data  over  relative  large  areas.  Figures  6.1  and  6.2  show  the  locations  of  wells  where  water 
level  and  water  quality  data  have  been  recently  collected  in  the  Westside  Basin.  A 
considerable  amount  of  data  has  been  collected,  compiled,  and  analyzed  for  primarily 
public  supply  wells  in  the  Westside  Basin.  Consequently,  data  are  lacking  from  substantial 
portions  and  key  areas  of  the  basin.  These  include  upslope  portions  of  the  basin  that  can 
be  important  locations  of  groundwater  recharge,  areas  served  by  private  wells  (or  where 
wells  are  currently  absent),  and  near  critical  boundaries  like  the  Pacific  Ocean  and  south 
San  Francisco  Bay. 

Data  limitations  can  be  addressed  with  the  addition  of  new  monitoring  locations, 
improved  coordination  between  data  collection  agencies,  and  uniform  and  accessible  data 
storage  and  reporting  protocols.  A basin-wide  monitoring  program  can  be  achieved  by 
integrating  local  data  collection  activities  and  expanding  efforts  to  improve  the  distribution 
of  data  points  across  the  basin.  This  information  is  needed  to  understand  groundwater 
flow  rates  and  directions,  sources  of  water  to  pumping  wells,  and  changes  in  groundwater 
storage  and  quality  over  time.  Additional  geologic  and  geophysical  information  from 
boreholes,  water  levels  from  wells,  and  chemical,  isotopic  and  age-dating  information  from 
well  water  samples  are  needed  to  help  answer  the  following  questions,  which  have  been 
raised  by  stakeholders  and  will  affect  water  management  decisions  in  the  Westside  Basin. 

Are  there  barriers  to  groundwater  flow  in  the  Westside  Basin? 

The  layering  of  aquifers  and  confining  beds,  folding  of  geologic  formations  and  faulting 
can  create  barriers  to  groundwater  flow.  These  barriers  can  impact  measured  water  levels 
and  the  sources  of  water  produced  by  pumping  wells  in  the  Westside  Basin.  For  example, 
previous  studies  could  not  confirm  or  refute  the  possibility  of  clay  barriers  between  the 
ocean  and  inland  pumping  wells.  If  such  barriers  exist,  it  reduces  the  risk  of  saltwater 
contamination  in  the  Daly  City  area.  Similarly,  the  San  Bruno  Fault  extends  northwestward 
from  south  San  Francisco  Bay  and  passes  through  Lake  Merced.  Fine-grained  materials 
associated  with  fault  zones  can  impede  the  lateral  movement  of  groundwater,  and  affect 
the  vertical  movement  of  water  between  shallow  and  deep  groundwater.  Pumping  wells 
in  the  basin  are  located  east  and  west  of  the  San  Bruno  Fault,  and  the  connection  between 
groundwater  on  either  side  of  the  fault  is  not  understood.  If  the  fault  were  a partial  barrier 
to  flow,  it  would  affect  the  sources  of  water  produced  by  pumping  wells. 

What  are  groundwater  flow  directions  and  storage  volumes  in  the  Westside  Basin? 

Most  of  the  water  level  data  for  the  Westside  Basin  are  from  active  production  wells  that 
pump  water  from  the  deep  aquifer.  Consequently,  most  of  the  water  levels  and  resulting 
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estimates  of  groundwater  flow  and  storage  are  for  deep  parts  of  the  system  and  are  biased 
toward  conditions  near  pumping  wells.  Water  level  data  are  needed  from  wells  perforated 
in  the  overlying  water  table,  in  upland  areas  that  are  important  for  groundwater  recharge, 
and  near  the  Pacific  Ocean  and  south  San  Francisco  Bay.  This  additional  information  can 
be  integrated  with  the  data  already  being  collected  from  production  wells  to  develop  a 
more  reliable  estimate  of  flow  directions  and  storage  in  the  entire  basin. 

If  most  wells  pump  from  the  deep  aquifer,  what  benefits  are  there  for  measuring  water 
levels  in  shallow  wells? 

Data  from  shallow  wells  are  needed  to  map  the  configuration  of  the  water  table  and 
improve  our  understanding  of  the  relationship  between  percolating  recharge  and  leakage 
to  the  deeper  aquifers.  The  relationship  between  the  water  table  and  deep  aquifers  is 
important  to  designing  conjunctive  use  operations,  and  when  evaluating  the  timing  and 
magnitude  for  contaminants  introduced  at  the  water  table  to  reach  pumping  wells  in  the 
basin. 

Where  does  the  water  in  my  well  come  from? 

Precipitation  and  irrigation  on  the  hilly  areas  east  of  Lake  Merced,  San  Bruno  Mountain, 
and  the  areas  east  of  the  San  Andreas  Fault  can  recharge  the  basin  as  subsurface  inflow. 
This  water  moves  horizontally  toward  pumping  centers  in  the  valley  lowlands.  Leakage 
from  the  overlying  water  table  also  recharges  the  deep  aquifer.  The  primary  sources  of 
recharge  to  the  water  table  are  deep  percolation  of  precipitation  and  applied  water. 
Groundwater  data  from  upland  areas  and  the  valley  lowlands  are  needed  from  both 
shallow  and  deep  wells  to  determine  the  sources  of  water  to  pumping  wells  in  all  areas  of 
the  basin. 

What  chemical  indicators  of  saltwater  intrusion  should  be  sampled  for? 

Chloride  ion  is  the  major  anion  in  seawater,  and  increasing  chloride  ion  concentrations  in 
groundwater  may  be  the  first  indication  of  saltwater  contamination.  Chloride  ion 
concentrations  alone,  however,  are  not  reliable  indicators  of  saltwater  intrusion. 
Additional  information  is  needed  to  supplement  the  chloride  data.  For  example,  ratios  of 
conservative  ions  like  chloride-to-boron  and  chloride-to-bromide  can  be  used  to  help 
identify  saltwater  contamination.  Additional  chemical  and  isotopic  data  combined  with 
water  level  data  can  be  used  to  confirm  saltwater  intrusion. 

How  much  water  is  pumped  from  the  basin? 

Pumping  is  the  primary  groundwater  outflow  from  the  basin,  yet  more  than  one-third  of 
the  estimated  pumpage  is  not  recorded.  Uncertainty  exists  in  the  quantity  and  distribution 
of  pumping  in  the  basin.  Private  wells  typically  do  not  record  groundwater  use. 
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AGS,  Inc.,  Technical  Memorandum  7, 1993:  Groundwater  Data  Collection  and  Analysis 
Program.  Prepared  for  the  San  Francisco  Water  Department. 

AGS,  Inc.,  Technical  Memorandum  8, 1994:  Westside  Basin  Field  Application  (Volume  I).  San 
Francisco  Water  Department  Groundwater  Master  Plan. 

AGS,  Inc.,  Technical  Memorandum  11, 1996:  Subsidence  Modeling  Westside  and  Lobos  Basins 
(Revised  by  CH2M  Hill).  Prepared  for  the  San  Francisco  Water  Department. 

AGS,  Inc.,  Technical  Memorandum,  1996:  Golden  Gate  Park  Exploratory  Hole/ Monitoring 
Well  Project.  Prepared  for  the  San  Francisco  recreation  and  Park  Department  and 
San  Francisco  Department  of  Public  Works. 

AGS,  Inc.,  Technical  Memorandum  19, 1997:  Groundwater  Monitoring  Program.  Draft  report 
prepared  for  the  San  Francisco  Public  Utilities  Commission,  City  and  County  of  San 
Francisco. 

Applied  Consultants,  1991:  Daly  City  Ground-Water  Investigation  and  Model. 

Bachman,  S.,  Hauge,  C.,  Neese,  K.,  and  Saracino,  A.,  1997:  California  Groundwater 
Management.  Groundwater  Resources  Association  of  California. 

Bartell,  M.J.,  1913:  Report  on  the  Underground  Water  Supply  of  San  Francisco  County.  San 
Francisco,  California. 

Barrett,  Harris  and  Associates,  Inc.,  1983:  Water  System  Master  Plan.  Prepared  for  the  City 
of  San  Bruno. 

Bookman-Edmonston,  Technical  Memorandum  2, 1993:  Water  Supply  for  Groundwater 
Recharge.  Prepared  for  the  San  Francisco  Water  Department. 

Brabb,  E.E.  and  E.H.  Pampayan,  1983:  Geologic  Map  of  San  Mateo  County,  California.  U.S. 
Geological  Survey. 

California  Water  Service  Company,  1997:  Miscellaneous  records  of  static  water  level,  well- 
water  quality,  pumpage,  water  purchases,  and  population  data. 

Carroll  E.  Bradberry  and  Associates,  1954:  Preliminary  Report  on  Groundwater.  Water 
supply  report  to  the  City  of  San  Bruno. 

CH2M  Hill,  Technical  Memorandum  1, 1993:  Climatologic,  Water,  and  Wastewater  Summary, 
San  Francisco  Groundwater  Master  Plan.  Prepared  for  the  San  Francisco  Water 
Department. 
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, Technical  Memorandum  4, 1996:  Groundwater  Resources,  San  Francisco 

Groundwater  Master  Plan  (Revised).  Prepared  for  the  San  Francisco  Water 
Department. 

, Technical  Memorandum  6, 1993:  Regulatory  Requirements,  San  Francisco 

Groundwater  Master  Plan.  Prepared  for  the  San  Francisco  Water  Department. 

, Technical  Memorandum  12a,  1995:  Westside  Basin  Facilities  Design  - Elk  glen,  San 

Francisco  Groundwater  Master  Plan.  Prepared  for  the  San  Francisco  Water 
Department. 

, Technical  Memorandum  12b,  1995:  Westside  Basin  Facilities  Design  - Sunset 

District  Wells,  San  Francisco  Groundwater  Master  Plan  (Revised).  Prepared  for  the  San 
Francisco  Water  Department. 

, Technical  Memorandum  13, 1995:  Cost  Estimates  for  Short-term  Activities,  San 

Francisco  Groundwater  Master  Plan  (Revised).  Prepared  for  the  San  Francisco  Water 
Department. 

, Technical  Memorandum  15, 1995:  Lake  Merced  Model  Review,  San  Francisco 

Groundwater  Master  Plan.  Prepared  for  the  San  Francisco  Water  Department. 

, Technical  Memorandum  16, 1996:  Geographic  Information  System  Database  Design 

and  Documentation,  San  Francisco  Groundwater  Master  Plan.  San  Francisco 
Groundwater  Master  Plan. 

, Technical  Memorandum  18, 1997:  Westside  Basin  Groundwater  Model,  San 

Francisco  Groundwater  Master  Plan  (Draft).  Prepared  for  the  San  Francisco  Public 
Utilities  Commission. 

City  of  San  Bruno  Department  of  Public  Works,  1997:  Miscellaneous  records  of  static  water 
level,  well-water  quality,  pumpage,  water  purchases,  and  population  data. 

Clark,  W.O.,  1924:  Groundwater  in  Santa  Clara  Valley  California.  U.S.  Geological  Survey 
Water-Supply  Paper  519. 
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GROUNDWATER  MONITORING  PLAN 
FOR  THE  WESTSIDE  BASIN 


INTRODUCTION 

Effective  groundwater  monitoring  is  needed  to  estimate  the  volume  of  water  stored  in  the 
Westside  Groundwater  Basin,  identify  trends  in  groundwater  levels  and  storage,  and  detect 
changes  in  groundwater  quality.  Establishing  a basin-wide  monitoring  plan  and  data 
collection  network  can  require  a significant  expenditure  of  time  and  resources.  However, 
the  routine  aspects  of  data  collection,  archiving,  and  reporting  associated  with 
implementing  a plan  are  typically  less  demanding.  A basin-wide  monitoring  plan  can  be 
implemented  in  the  Westside  Groundwater  Basin  as  part  of  local  water  resource  activities. 
Integrating  local  activities  will  minimize  start-up  costs,  distribute  costs  among  the  users, 
and  increase  local  awareness  of  the  groundwater  resource. 

This  section  proposes  a basin-wide  monitoring  plan  for  the  Westside  Groundwater  Basin. 
Data  needs  are  identified;  monitoring  site  locations  are  suggested;  the  sampling  frequency, 
protocols,  and  constituents  are  explained;  and  a strategy  for  archiving  and  reporting  the 
data  is  described.  The  goal  of  this  outline  is  to  define  roles  for  local  agencies  and  private 
parties  acting  as  willing  participants  in  implementing  a basin-wide  monitoring  plan. 

SCHEDULING  FOR  DATA  COLLECTION  ACTIVITIES  AND  REPORTING 

Water  use  totals,  measured  groundwater  levels,  and  groundwater  quality  sampling  should 
be  conducted  semi-annually  to  correspond  with  the  annual  irrigation  and  precipitation 
seasons.  About  40  percent  of  the  pumpage  in  the  Westside  Groundwater  Basin  is  used  to 
irrigate  large  turf  areas  associated  with  golf  courses,  cemeteries,  and  parks.  Most  of  the 
irrigation  occurs  during  the  summer  and  autumn  months  when  the  transpiration 
requirement  is  greater  than  precipitation;  summer/autumn  conditions  occur  during  the 
period  May  through  November.  In  contrast,  pumping  rates  are  lowest  and  recharge  from 
precipitation  is  greatest  during  the  winter  and  spring  months;  winter/spring  conditions 
occur  during  the  period  December  through  April.  It  is  recommended  that  site  visits  be 
conducted  the  last  week  of  April  and  the  first  week  of  November  to  collect  semi-annual 
water  use,  water  level,  and  well  water  quality  data.  A quarterly  monitoring  schedule  can  be 
implemented  in  the  future  if  results  from  the  semi-annual  program  indicate  a significant 
benefit  of  more  frequent  monitoring. 

PLAN  ELEMENTS 

The  objectives  of  monitoring  the  Westside  Groundwater  Basin  are  to  manage  groundwater 
storage  and  protect  groundwater  quality.  Groundwater  levels  reflect  the  volume  of  water 
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stored  in  the  basin,  and  changes  in  groundwater  levels  and  storage  are  a consequence  of 
water  additions  and  subtractions  in  the  basin.  Recharge  occurs  when  the  quantity  of  water 
added  to  the  basin  exceeds  the  water  subtracted  from  the  basin,  resulting  in  a rise  in 
groundwater  levels  and  an  increase  in  groundwater  storage.  Conversely,  water  levels 
decrease  and  groundwater  storage  is  reduced  when  the  quantity  of  water  added  is  less  than 
the  quantity  of  water  subtracted  from  the  basin.  The  collection  and  compilation  of  water 
use  data  are  therefore  necessary  to  account  for  changes  in  groundwater  levels  and  storage. 

I.  Water  Use  Data 

Groundwater  levels  and  storage  in  the  Westside  Groundwater  Basin  are  affected  by 
the  quantity  of  water  added  and  subtracted  from  the  basin.  Water  additions  are 
referred  to  as  inflows,  and  water  subtractions  are  referred  to  as  outflows.  Water 
inflows  and  outflows  occur  both  at  and  below  the  land  surface.  Examples  of  water 
inflows  include  precipitation  and  water  deliveries  by  way  of  the  Hetch  Hetchy 
Aqueduct.  Examples  of  water  outflows  include  runoff  to  the  Pacific  Ocean  and 
South  San  Francisco  Bay,  wastewater  discharge  to  the  ocean  and  bay,  and  water 
consumption  by  plants  and  humans.  Additionally,  water  inflows  and  outflows 
beneath  the  land  surface  can  occur  at  the  basin  boundaries  demarcated  by  the  Pacific 
Ocean  and  South  San  Francisco  Bay. 

A listing  of  water  inflows  and  outflows  is  referred  to  as  a "water  budget,"  and 
engineers  and  scientists  use  water  budgets  to  explain  changes  in  groundwater 
storage  and  the  sources  of  water  to  wells  extracting  water  from  a basin.  Most  of  the 
inflow  and  outflow  data  in  the  Westside  Groundwater  Basin  is  already  recorded  by 
various  agencies  as  part  of  their  efforts  to  track  water  use.  Plan  implementation  will 
require  retrieving  the  relevant  information  that  is  collected  by  other  entities, 
establishing  procedures  with  private  well  owners  for  collecting  and  reporting 
groundwater  pumping  information,  and  using  the  data  to  summarize  basin  inflows 
and  outflows  and  calculate  a simple  semi-annual  water  budget. 

A.  Inflows. 

1.  Precipitation  recorded  at  gauging  stations. 

(Identify  reliable  rain  gauging  stations  in  the  basin.  Compile  historic  daily, 
monthly,  and  annual  totals.) 

2.  Hetch  Hetchy  deliveries. 

(The  San  Francisco  PUC  and  the  individual  contractors  that  purchase  the 
water  record  both  record  Hetch  Hetchy  deliveries.) 
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B.  Outflows 


1.  Runoff. 

• Periodic  updating  of  land  use  maps 

• Stream  gauging  stations 

2.  Potential  ET  from  weather  stations. 

3.  Wastewater  discharge. 

(Recorded  daily.  Report  mean  monthly  flows  and  semi-annual  totals.  In 
circumstances  where  several  entities  contribute  to  treatment  plant  discharge, 
it  is  preferable  to  separate  the  monthly  flows  and  semi-annual  totals  by 
contributing  entities.) 

• North  San  Mateo  County  Sanitary  District  (Daly  City) 

• South  San  Francisco  - San  Bruno  Water  Quality  Control  Plant 
(Burlingame,  Millbrae,  San  Francisco  International  Airport,  South  San 
Francisco,  and  San  Bruno) 

C.  Groundwater  extraction 

(Identify  all  active  wells.  If  possible,  report  monthly  and  semi-annual  well 
production  by  well.  In  the  absence  of  metered  values,  report  monthly  power 
consumption  or  monthly  operation  time.) 

1.  Municipal. 

(Monthly  use  is  recorded.) 

2.  Private. 

(Monthly  use  is  typically  not  recorded.) 

3.  Future  wells 

(Changes  to  local  and  county  well  permitting  procedures  may  be  needed 
to  require  new  wells  be  installed  with  a flow  metering  devices,  access 
tubes  for  water  level  measurements,  and  sampling  port  for  water  quality 
sampling.) 
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D.  Water  Recycling 

Future  water  recycling  projects  will  report  the  quantity,  timing,  and  locations  of 
water  deliveries. 

13.  Groundwater  Storage  Monitoring 

Groundwater  levels  reflect  the  volume  of  water  stored  in  the  basin.  Information  on 
groundwater  storage,  and  the  change  in  groundwater  storage,  is  necessary  for 
making  water  management  decisions  and  protecting  the  quality  of  surface  and 
groundwater  resources.  For  example,  semi-annual  storage  volumes  and  historic 
trends  in  storage  changes  determine  the  operational  yield  of  the  basin.  Also, 
excessive  decreases  in  groundwater  storage  may  result  in  saltwater  intrusion  from 
the  Pacific  Ocean  and/or  South  San  Francisco  Bay,  and  is  one  of  several  factors 
contributing  to  lower  levels  of  Lake  Merced. 

Groundwater  storage  monitoring  is  challenging  because  the  resource  is  located 
beneath  land  surface.  The  storage  properties  of  an  aquifer  are  complex  and  can 
exhibit  considerable  geographic  variability.  Engineers  and  scientists  extrapolate 
water  levels  and  geologic  data  to  estimate  the  volume  of  water  stored  beneath  the 
land  surface.  It  is  therefore  desirable  to  have  water  level  data  from  a fair  number  of 
wells  distributed  fairly  uniformly  across  the  basin. 

This  plan  uses  existing  monitoring  wells  for  measuring  water  levels  in  the  Westside 
Groundwater  Basin,  identifies  existing  wells  that  should  be  included  in  the  water 
level  network,  and  recommends  locations  where  additional  water  level  data  would 
be  useful  for  improving  the  calculation  of  groundwater  storage  in  the  basin. 

A.  Monitoring  Well  Network 

Establish  a monitoring  network  using  existing  wells  with  the  understanding 
that  additional  wells  are  needed  to  improve  the  geographic  distribution  of 
data  points  in  the  Westside  Groundwater  Basin.  A distribution  of  data  points 
is  necessary  to  accurately  map  groundwater  levels  for  the  purposes  of 
determining  groundwater  flow  directions  and  changes  in  groundwater 
storage.  The  latitude  and  longitude  of  each  well  should  be  determined  by 
plotting  the  well  as  accurately  as  possible  on  a USGS  7.5-minute  quadrangle 
or  using  Global  Position  System  (GPS)  instrumentation  (a  GPS  instrument  is 
available  from  the  San  Mateo  County  Department  of  Health  Services).  The 
wells  should  then  be  plotted  on  a basemap  using  a Geographic  Information 
System  (GIS).  Reliable  GIS  databases  of  the  Westside  Groundwater  Basin 
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have  been  prepared  for  the  San  Francisco  PUC  by  CH2M  Hill  and  by  the  U.S. 
Geological  Survey  for  the  Bay  Area  Water  Users  Association. 

Basic  information  describing  the  monitoring  wells  that  comprise  the  network 
should  be  entered  into  a database.  The  information  will  include  the  well 
name,  location,  owner,  depth,  screened  interval,  and  access  for  data 
collection.  A sample  data  sheet,  used  in  the  City  and  County  of  San 
Francisco  (CCSF)  Groundwater  Monitoring  Program,  is  attached  to  this 
monitoring  plan. 

Groundwater  levels  are  needed  from  both  shallow  and  deep  wells  in  the 
basin.  Groundwater  recharge  occurs  at  the  water  table  and  shallow  wells 
(less  than  100  feet  deep)  provide  information  on  water  table  conditions.  In. 
contrast,  most  of  the  production  wells  in  the  Westside  Groundwater  Basin 
extract  water  from  the  deeper  aquifer  system.  Deep  monitoring  wells  are 
needed  to  provide  information  on  groundwater  conditions  affecting  the 
water  supply  aquifer.  Some  shallow  wells  already  exist  as  part  of 
environmental  studies.  An  attempt  should  be  made  to  continue  use  of  these 
wells  for  the  basin-wide  monitoring  plan.  Existing  deep  wells  consist  of  both 
active  and  inactive  pumping  wells.  Inactive  pumping  wells  should  be 
converted  to  monitoring  wells,  and  protocols  should  be  developed  to  reliably 
measure  inactive  or  "static"  water  levels  in  pumping  wells. 

The  measuring  point  of  each  well  should  be  clearly  and  permanently  marked, 
and  a licensed  surveyor  should  survey  the  altitude  of  the  measuring  point. 
The  datum  for  all  measuring  points  is  mean  sea  level,  and  should  be  tied  to  a 
reliable  vertical  control  located  on  bedrock  in  the  adjacent  uplands. 

The  local  municipalities  can  coordinate  monitoring  of  public  and  private 
wells.  The  coordinating  party  should  maintain  a file  on  each  well  that  is  part 
of  the  monitoring  network.  The  file  should  contain  a copy  of  the  driller  log,  a 
photograph  of  the  site  and  measuring  point,  and  a listing  of  the  owner  and 
point  of  contact  regarding  well  issues.  This  file  should  also  contain  the 
hardcopy  records  of  monitoring  data  collected  from  the  well. 

1)  Daly  City 

a)  Establish  a minimum  of  four  monitoring  sites  using  six  existing  City 
wells. 

• Site  1 (well  pair):  Westlake  (700  ft)  and  No.  2 (390  ft) 
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• Site  2 (single  well):  No.  10  (515  ft) 

• Site  3 (well  pair):  Vale  (700  ft)  and  No.  4 (505  ft) 

• Site  4 (single  well):  No.  12  (590  ft) 

b)  Coordinate  access  and  data  collection  activities  with  nearby  private 

well  owners. 

• Olympic  Club  (two  active  wells) 

• Lake  Merced  Country  Club  (three  active  wells) 

• Lake  Merced  wells? 

c)  Identify  shallow  wells  associated  with  environmental  activities  and 

incorporate  into  a shallow  well  monitoring  network. 

d)  Install  observation  wells  where  data  is  currently  lacking. 

• Shallow  monitoring  wells  are  recommended  at  sites  1, 2,  and  4. 

• Three  sites  should  be  constructed  to  monitor  potential  saltwater 
intrusion  from  the  Pacific  Ocean.  All  sites  should  consist  of  a 
shallow  observation  well  (less  than  100  feet  deep)  and  a deep 
observation  well  (greater  than  200  feet  deep).  One  site  will  be 
generally  located  northwest  of  the  Westlake  area  and  near  the  San 
Mateo  - San  Francisco  county  lines;  a second  site  will  be  located 
generally  west  of  monitoring  site  3 (Vale  well  and  well  No.  4);  and 
a third  site  will  be  located  near  the  southern  city  boundary  and 
generally  west  of  the  cemeteries  in  Colma. 

• One  new  well  should  be  installed  near  the  boundary  between 
Daly  City  and  South  San  Francisco.  The  site  should  be  located 
near  the  uplands  to  monitor  conditions  at  the  western  edge  of  the 
basin. 

2)  City  of  San  Bruno 

a)  Establish  minimum  of  three  monitoring  sites  using  existing 

monitoring  wells  and  currently  inactive  city  wells. 

• Site  1:  Elm  Avenue  well  (No.  12);  478  feet  deep. 
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• Site  2:  ECR  Shannon  well  (No.  13);  500  feet  deep. 

• Site  5:  City  Park  monitoring  well  (3-83);  490  feet  deep. 

b)  Coordinate  with  nearby  private  well  owners. 

• San  Francisco  International  Airport  (three  well  cluster  sites,  each 
site  has  one  medium  and  one  deep  well) 

• Green  Hills  Cemetery  (one  of  five  wells  has  been  located;  active) 

• Golden  Gate  Cemetery  (five  wells;  one  is  active) 

c)  Identify  shallow  wells  associated  with  environmental  activities  and 
incorporate  into  a shallow  well  monitoring  network. 

d)  Install  observation  wells  where  data  is  currently  lacking. 

• Shallow  monitoring  wells  are  recommended  at  monitoring  sites  1, 
2,  and  3. 

• Two  wells  should  be  installed  near  the  western  boundary  of  the 
basin.  One  well  near  the  northern  city  boundary  and  one  well 
near  the  southern  city  boundary. 

3)  California  Water  Service  Company  (South  San  Francisco/ Colma) 

a)  Continue  monitoring  activities  at  South  San  Francisco  well  field. 

b)  Identify  shallow  wells  in  service  area  associated  with  remediation 
activities  and  incorporate  into  shallow  well  monitoring  network. 

c)  Coordinate  with  nearby  private  well  owners 

• Woodlawn  Cemetery  (three  wells;  two  are  active) 

• Olivet  (one  active  well) 

• Eternal  Home  (one  well) 

• Italian  Cemetery  (one  active  well) 

• Serbian  Cemetery  (two  inactive  wells) 
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Home  of  Peace  (one  active  well) 


• Hills  of  Eternity  (one  active  well) 

• Cyprus  Lawn  (two  to  three  wells) 

• Holy  Cross  (two  active  wells) 

• McClellan  Orchids  (one  well) 

• Ucheli  (one  domestic  well) 

• California  Golf  Club  (three  active  wells) 

• Hillside  Landfill  (eight  monitoring  wells) 

d)  Install  observation  wells  where  data  are  currently  lacking: 

• One  shallow  well  is  needed  in  the  South  San  Francisco  well  field. 

• Monitoring  wells  are  needed  near  the  eastern  boundary  of  the 
basin.  One  observation  well  should  be  installed  west  of  the  San 
Bruno  Mountains  and  south  of  Holy  Cross  Cemetery.  Two 
observation  wells  (one  shallow  and  one  deep)  should  be  installed 
south  of  Colma  Creek  and  near  South  San  Francisco  Bay. 

4)  CCSF  - described  in  San  Francisco  Groundwater  Master  Plan  Technical 
Memorandum  No.  19  City  and  County  of  San  Francisco  Groundwater 
Monitoring  Program  Westside  and  Lobos  Basins.  The  plan  includes: 

a)  Monitoring  of  water  levels  and  water  quality  in  existing  and  proposed 
additional  wells.  Additional  well  sites  are  proposed  for: 

• Point-source  monitoring  wells 

• Recycled  water  use  monitoring  wells 

• Saltwater  intrusion  monitoring  wells 

• General  water  level  monitoring  wells 

b)  Production  well  discharge  measurements. 

c)  Groundwater  quality  monitoring. 
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d)  Lake  level  monitoring. 

e)  Quarterly  sampling  schedule. 

f)  Data  management  and  quality  assurance/ quality  control. 

B.  Schedule  for  Collecting  Water  Level  Data 

Water  levels  should  be  collected  to  reflect  changes  in  groundwater  storage 
conditions  associated  with  the  annual  pumping  cycle.  The  spring  water 
levels  should  be  collected  during  the  last  week  of  April,  and  the  autumn 
water  levels  should  be  collected  during  the  last  week  of  October.  The 
difference  between  the  spring  and  autumn  water  levels  represents  the  change 
in  groundwater  storage  owing  to  the  irrigation  season.  Conversely,  the 
difference  between  the  previous  autumn  and  current  spring  water  levels 
represents  the  increase  in  groundwater  storage  owing  to  the  precipitation 
season. 

Water  level  measurement  dates  should  be  coordinated  with  the  quarterly 
monitoring  schedule  recommended  by  the  City  and  County  of  San  Francisco 
monitoring  program  for  the  Westside  and  Lobos  groundwater  basins.  The 
water  level  measurements  should  be  collected  on  the  same  day,  and  may 
require  temporary  shutdown  of  monitoring  wells  and  nearby  production 
wells  prior  to  measurement  for  as  long  as  24  hours.  The  effort  will  require 
coordination  between  responsible  staff  members  for  the  CCSF,  Daly  City,  San 
Bruno,  and  California  Water  Service  Company.  These  staff  members  will  be 
responsible  for  collecting  water  level  measurements  from  wells  within  their 
local  jurisdiction,  as  well  as  selected  nearby  wells  located  on  private 
property.  The  measurements  should  be  collected  using  either  a steel  tape  or 
electric  sounder,  and  the  value  recorded  to  the  nearest  0.01  foot.  A standard 
field  sheet  will  be  used  by  all  data  collection  agencies.  An  example  of  a field 
sheet  is  provided  in  Technical  Memorandum  19  (CCSF  Groundwater 
Monitoring  Program)  and  is  attached  to  this  monitoring  plan. 

C.  Analysis  of  Water  Level  Data 

• Hydrographs  of  each  well  and  combined  hydrographs  for  all  wells  at  each 
site. 

• Map  showing  water  level  contours  plotted  as  elevation  relative  to  mean  sea 
level.  Preferably  two  maps  should  be  constructed:  one  map  showing  water 
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levels  of  the  water  table  and  another  map  showing  water  level  contours  for 
the  deep  aquifer  system. 

• Map  showing  change  in  water  level  contours  from  previous  monitoring 
event.  The  map  should  be  accompanied  with  an  estimated  change  in 
groundwater  storage  and  estimated  pumpage  total  for  the  basin. 

III.  Groundwater  Quality  Monitoring. 

Groundwater  quality  monitoring  is  needed  to  detect  changes  in  the  chemical 
constituents  dissolved  in  the  water  pumped  by  wells.  The  purpose  of  the 
groundwater  quality  monitoring  aspects  of  this  plan  is  to  detect  changes  in  the 
source  of  water  to  wells;  it  is  not  to  meet  drinking  water  standards.  Although 
60  percent  of  the  annual  pumpage  in  the  basin  is  used  for  municipal  use,  the 
municipal  users  already  do  water  quality  monitoring  for  drinking  water  standards. 
Changes  in  groundwater  quality  can  occur  in  the  basin  as  a result  of  saltwater 
intrusion. 

A.  Routine  water  quality  monitoring  from  monitoring  well  network. 

Sample  monitoring  wells  semi-annually.  Constituents  of  concern  include  total 
dissolved  solids,  general  inorganic  (alkalinity,  chloride,  sulfate,  calcium, 
magnesium,  sodium),  iodide,  bromide,  and  nitrates.  Relevant  data  from  other 
production  wells  not  formally  part  of  the  monitoring  well  network  should  also 
be  included  in  the  database.  A standard  field  data  sheet  should  be  used  when 
collecting  water  quality  samples.  An  example  of  a field  sheet,  used  in  the  CCSF 
Groundwater  Monitoring  Program,  is  attached  to  this  monitoring  plan. 

B.  Periodic  isotopic  and  age  dating. 

An  initial  one-time  sampling  of  monitoring  wells  and  production  wells  is 
recommended  to  analyze  the  samples  using  age-dating  and  isotopic  techniques. 
This  information  will  be  valuable  for  determining  recharge  rates  in  the  basin, 
groundwater  and  contaminant  travel  times,  and  sources  of  water  extracted  by 
production  wells.  The  information  will  also  be  valuable  for  verifying  saltwater 
contamination.  Additional  samples  can  be  collected  from  new  wells  in  the  basin 
or  to  periodically  evaluate  suspected  changes  in  the  chemical  constituents 
detected  by  routine  water  quality  monitoring. 

IV.  Data  Archiving  and  Retrieval 
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Water  use,  groundwater  level,  and  water  quality  sampling  results  should  be 
archived  in  a spreadsheet  format  using  commercially  available  software.  The 
information  should  be  easily  exported  for  analysis  using  a GIS.  Consideration 
should  be  given  as  to  whether  (1)  a central  agency  should  act  as  a clearinghouse  for 
the  data  (for  example,  San  Mateo  County);  or  (2)  the  data  collected  should  reside 
with  the  collecting  agency.  In  either  case,  a central  entity  will  be  needed  to  evaluate 
the  information  for  the  entire  basin.  This  central  entity  could  also  be  responsible  for 
database  management,  quality  assurance /quality  control  of  the  data,  and 
coordinating  future  changes  in  monitoring  activities. 
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WELL  DATA  SHEET 


GENERAL 

Well  Name 
GIS  No.: 
DWR  No.: 

Well  Owner 
Address: 


Date: 


Contact:  phone: 

WELL  INFORMATION 

Well  Type: Active?  Pump  Rate: 

Date  Drilled:  Pump  Schedule:  

Depth: Casing  Dia.: 

Screen  Interval(s):  

Meas.  Pt.  Eiev.,  MSL  datum* *:  TOC  or  Ground  Surface?:  

Was  elevation  surveyed? is  there  a Driller's  Log?  ______ 

Electric  Log?  _____ 

ACCESS  INFORMATION 

Well  Location/Description: 


Permission,  Tools  needed: 


Comments: 


Location  Map: 


* SF  datum  = msl  datum  - 8.62 


Figure  2.xls  1 0/3/97 


FIGURE  2 


San  Francisco 

QUARTERLY  WATER  LEVEL  SURVEY 


Date: 

Personnel: 

Weather: 


GROUNDWATER 

Well  Identifier 

Time 

Depth  to 
Water 

in  feet 

Measuring  Point 
Elevation 
Datum: 

Groundwater 

Elevation 

Comments 

in  feet 

| 

SURFACE  WATER 

Location 

Staff  Gauge  Reading 

Staff  Gauge  0.00 
Datum: 

Water 

Surface 

Elevation 

Comments 

REMARKS: 


FIGURE  6 


Fig  6.xls  10/10/97 


Groundwater  Sample  Collection  Form 


GROUNDWATER  SAMPLE  RECORD 


Well  Number 

jDate: 

Personnel: 

Weather 

Beginning  Time: 

| Ending  Time: 

PURGE  VOLUME 
INFORMATION 

(1)  Total  Depth  of  Welt  (ft): 

(2)  Depth  to  Water  (ft): 

(3)  Height  of  Water  in  Well  [(1  M2)J: 

(4)  One  Purge  Volume  (see 

NOTE): 

FIELD  PARAMETER  DATA 

Purge 

Volume 

Time 

PH 

Temperature 

Turbidity 

Electrical 

Conductivity 

1 

2 

3 

4 

5 

EQUIPMENT  AND  METHOO  INFORMATION 

Purging  Equipment: 

Purging  Rate: 

Sample  Withdrawal  Method: 

Feld  Parameter  Instruments: 

Sample  Duplicated  (Y/N):  [Duplicated  Sample  !D 


SAMPLE  INFORMATION 

Sample 

ID 

Analysis 

Time 

Container  Type 
and  Volume 

Filtered? 

Preservative 

REMARKS: 


NOTE: 

1 . One  purge  volume  (gallons)  for  a 2-inch  well:  (Height  of  Water  in  Well ) x 0.16  gal/ft 

2.  One  purge  volume  (gallons)  for  a 4-inch  well:  (Height  of  Water  in  Well ) x 0.65  gal/ft 

3.  One  purge  volume  (gallons)  for  a 6-inch  well:  (Height  of  Water  in  Well ) x 1.5  gal/ft 

4.  One  purge  volume  (gallons)  for  a 1 2-inch  well:  (Height  of  Water  in  Well ) x 5.9  gal/ft 


Figure  8 


. 


